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MEMOIRS

READ BEFORE THE BOSTON SOCIETY OF NATURAL HISTORY

I. The Sigxificance of Bone Stuuoture.

By Thomas Dwight, M. D.

Parkman Professor of Anatomy at Harvard University.

Eeiid March 3, 1880.

XT is not easy to determine who first appreciated the fact tliat the spongy tissue of

bone is not a meaningless tangle but an architectural structure. The late Professor

Jeffries Wyman read a paper "On the Cancellated Structure of some of the Bones of

the Human Body" before this Society on Isov. 7, 1849. He stated that there is a ref-

erence to the matter in Ward's " Outlines of Human Osteology," which was published

in London in 1838. He, however, gave the credit of first calling' attention to the sub-

ject to Bom'gery and Jacob (1835). Professor Wjnnan wrote as follows: "The cancelli

of such bones as assist in supporting the weight of the body are arranged either in the

direction of that weight or in such a manner as to support and l)i-ace those cancelli which

are in that direction. In a mechanical point of view, they may be regarded in nearly all

these bones as a series of ^studs' and Mn-aces.'"' He thought that the arrangement in

some of the human bones is characteristic and has a definite relation to the erect position.

"As a rule the strength of the bone seems to he oljtained in other mauunals at the ex-

l^ense of its lightness by giving greater thiclaiess and density to the outer shell, as well

as by stouter cancelli with smaller areolae." He found Ijut sliglit traces -of a corre-

sponding plan in other animals; a conclusion that seems surprising on the part of so

acute an observer.

Professor Humphry di-ew attention to the mechanical advantage gaiiied by the ar-

rangement of the cancelli in his treatise on the human skeleton published in 18;">8.

Professor Hermann v. Meyer'^ of Zurich announced this discovery anew in 18G7 and is

generally looked up to as the first to grasp the idea. He certainly deserves the credit of

having studied it more thoroughly than any of liis predecessors. He thought that the

cancellated tissue could be divided into two types, that fitted to resist pressure in one

direction, and that fitted to resist it in many. The discussion was taken up witli great

interest l)v (Jermau anatomists.

'Boston .Journal of Natural History, Vol. vi. ^Reiclicrt und DnBois Reymoud's .\rcliiv, 18G7.
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Dr. Julius WolfT' aj)i)lic'(l tlie principles of matliomaties more rigidly than bad been

heretofore done to the study of the bony jilates. ^Vt his request Prolessor Cuhnanu

caused to be di-awn the stress lines of a ci-ane of the general shape of the ui)per end

of the femur and found a sui'prising resemblance betAveen the stress lines and the tra-

beculae. Dr. AVoltt" concluded that from our laiowledge of the needs of a bone we
can predict its internal structure and also that the converse of the pro])osition is true.

He writes: 'xVud thus we come to the view which, when we have once gi-asped it, seems

so natural and self-evident, that the plan on which the bone is built is the only possible

one." I make no comment on these conclusions as the discussion of this and allied (jues-

tions is the puri)ose of the present paper.

Wolfermann'" wrote shortly after in the same sense and included in his observations

the bones of many animals. !N^ot content with admitting the relation between the me-

chanical needs of the bone and its structure, he went so far as to assert that the fornu'r

are actually the cause of the latter.

Aeby' maintained that the arrangement of the laminae of a bone depends on its move-

ments. The laminae, according to this theory, are parallel when the axes of two Cjou-

nected bones remain so, but if one of these bones is flexed on the other by turning on one

axis, the plates converge in the planes perpendicular to the axis. If the bones move on

more than one axis there is a general convergence. Moreover, all these types show near

joints a system of slightly developed transverse plates. At points of muscular insertion

the muscle represents the axis of a bone.

Merkel,' in a [)aper on the fenuir, expressed some doubt as to the teleological arrange-

ment of the plates, basing his objection on the striking similarity of the plan in the

human heel bone"which rests on the groinid and that of the quadruped which ]irojects

in the air.

Bardeleben^ published a monograph on the spinal colunm in man and animals which he

argued is to l)e regarded as a trestle-work.

Langferhans" and Wao^stafte' made many sections of human l)ones and each conciu'red

in the prevailing vicAV.

Ogston'^ started the theory that plates develo])ed fi-om articular cartilage are ])erpen-

dicnlar to the surface of the bone, and those from the periosteum parallel to it.

Professor Humplny' conti-averted this, maintaining that the arrangement is nf)t due

to development, but rather has "relation to the line of Aveight and the direction of the

forces to be resisted."

In 1882, V. Meyer'" classified more accurately than lie had done the different kinds of

cancellated tissue. He recognized a round-meshed sti-iicture fitted to resist pressure

ill all directions. This generally presents in the middle Avhat he calls an intermediate

spongy portion, made of thicker plates and larger spaces, Avhich adds to the strength.

Then there are the short bones that receive pressure in two opjjosed directions and cou-

'Vircliow's Arcliiv, Tlntitl i,, ISTfl. ^Vircliow's Arcliiv, P.iinrl i.xi, 1874.

-IJou-liert mid Dii Bois Hpyinoiul's Arcliiv, 1R72. "St,. Tlioiiias' Hospital Kepovt.*, 187.5.

'Ci'iilralblatt fiir incd. Wi.ssoiiscli , lt<7;5. Moiinial of Aiiat. and Pliys., Vol. xn, 187S.

'Virchow's Arcliiv, Bami i.ix. 1874. "J)itU), Vol. Xlii, 1878.

^Bcitnigc ziir .Vnatoiuie dcr Wirbclsiiulc, .Tcna, 1874. '"Beitriige zu Biologic. (BischofT's Jiibilauiii.)
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sequently have a system in the main longitudinal. Finally, there are the shafts of the
long bones, the solid walls of which break up into plates near their ends. Moreover
there are plates near the ends of bones which he thinks must be considered continuations
of tendons.

Eoux^ of Breslau, in a paper in which ho analyzes the internal structure of an anchy-
losed knee, makes a further classification which, though very good, is rather long to be
given here especially as it is more minute than the purposes of this paper require.^

That tlie internal structure of bone shows a well-planned architecture suited to the
mechanical requirements of the part is an axiom so generally accepted that we may take
it as a starling-point, although, as will appear later, it requires considerable modification.
There are, indeed, many aspects to the question, Avhlch is one of no common difficulty.

Although some of the most thorough of the authors mentioned above have referred to
the mechanical requirements in the widest sense, it seems that many, if not most, writers
have looked upon bones mei'ely as weight-bearing appliances. Considered in this light
alone the question is not a simple one. Is the ariangement of the plates that requisite
when the bone is in the position of the greatest strain? If not, it is clear that there
must be what builders call a large factor of safety, that is, that much more material
must be disposed along the stress lines than would otherwise be necessary. Another
point not to be lost sight of is that, besides the actual weight a bone may have to bear,
it must be able to resist compression against the next bone to which it is subjected by
muscular action.

But if we look on bones as not merely adapted to weight-bearing but as serving also

for the origin and insei-tion of muscles, do we find the plan of the bone modified for

these requirements? There seems no possibility of doubting it. The femur of a quad-
ruped inclines downward and forward. If Ave suppose the upper part to be made of
the least amount of bone sufficient to bear the weight, it is clear that the shaft at the

neck would be thicker from before backward than transversely, as the strain conies

in the former direction. But the contrary occurs: the greatest breadth is transverse.

Clearly then there are other factoi-s than the purely static needs of the bone. If this

shape be for the purpose of resisting any strain it must be that of the muscles. Although,
as I shall undertake to show later, certain structures occur that are in no way teleolog-

ical, it is hard to believe that so important a feature as this widening of the femur should

be purposeless, and we are almost forced to hold that either it is to give greater surface

for muscular origin and insertion, or that it is to resist lateral tension from muscular
action, or that the two reasons coexist.

The precise part played by muscles is extremely difficult to determine. "With them
it is proper to associate ligaments, there being no doubt that what is a ligament in some
animals is a muscle in others and, moreover, it seems a matter of no consequence whether
the strain is applied to a bone by the pull of a muscle on a tendon or less directly by
making tense a ligament. There seems no doubt that a fiictor in the shape of bones,

besides weight-bearing, is muscular attachment. Clearly a large muscle must have a

'Beitiiige zur Morpliologie der fmiclioiicllen Aiipassung. ten on Uie growth of bone nor on the arrangement of the

Arohiv fiir Anat. und Entwick., 1885. cancclli in pathological conditions.

-It is not thonglit necessary to discuss what has been writ-
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sufficiently extended surface of origin, and again it is necessary for leverage that-many

muscles, at least, sliould be attached to projections. AVe find, therefore, that the whole

shape of a bone is determined so as to meet other than the static requirements. As for

processes like the ti'ochanters no one denies that tliey serve for muscular attachment.

I have elsewhere' liublished some notes on the structure of bone beneath processes for

the insertion of muscles and ligaments. In some cases, notably when the process is

very small, like the anterior inter-trochanteric ridge of the femur, the shaft is continued

beneath a layer of cancellated tissue. When the process is larger the surfiice of the

shaft seems to go round it i-ather than under it. The shaft is sometimes, but by no

means usually, found continued under the tubercle of the human radius and the coronoid

process of the ulna. It is sometimes re[)resented by jihites recalling the process which

Bigelow'- has named the "true neck of the femur" which, when very Avell developed,

appears to represent the posterior wall of the neck continued beneath the lesser tro-

chanter. As a rule, however, there is no well-marked separation of the cancellated

tissue of an}- of the larger processes from that of the main bone beneath. The third

trochanter of the horse (fig. 1) is a striking instance. One would be inclined to look

for a continuation of the shaft beneath it to support the weight, but such is not the case.

It being then admitted that the shape of bones shows provision both for a sufficient

extent of muscular origin and for tendinous insertions it remains to see what internal

arrangement of the laminae is found in the processes. Of course in cases Avhere what

would be the shape of the bone, were static needs the only ones, has been modified to

admit of a lai-ger space for muscular origin, it follows that the internal structure must

also of necessity be modified; Init an important and difficult question is whether tlie

internal structure shows any special arrangement to resist the pull of the muscles and

whether any of the bony plates are continuous with tendinous or ligamentous insertions.

I am strongly inclined from the study both of sections of dry bone, and of bones decal-

cified with the soft pai-ts unremoved, to reply to both questions in the negative. Lig-

aments and tendons are, I believe, never inserted at right angles to the surface of a bone.

They spread out over it, being inseparably united with the periosteum and in some cases

with cartilages. Thus the strain is dilfused over a larger surface. It is \evy remarkable

to what thin surfaces and to what weakly supported ones powerful muscles are attached;

familiar instances are the tuberosities of the humerus and the trochanters of the femur

in man. The cancelli inside of these processes are light and seem arranged to support

the delicate shell of bone and not to resist muscular action. In some few places, as for

instance at the back and underside of the os calcis, there are series of plates that seem

to represent fibres from the tendo Achillis and the plantar ligaments, but I have not been

able to satisfy myself of any continuity in decalcified specimens. Be that as it may,

such systems are exceptional.

To sum up to this point it a[)pears that the shape of the bone depends not soleW on

its needs as an organ of sujjport but also on its needs as a fixed point for the origin and

insertion of muscles. Further, tliat although this modification in shape must necessarily

demand a change of the internal architecture, yet this change is only what is requisite

'Remarks on the l^usition of Uie Fcimn- aiul on ils so- - Tlic Hip (I'liihulclphiu, llonry C. Leu) 1800; also The

ciiUed "Trne Neck." Journal ol' Anatomy and riiysiology, Boston Medical and Surgical Journal, 1875.

Vol. IX, 1875.
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for the support of the bone unclei- the changed conditions and that the strain of the

mnscles being diffused over its suriaccthe internal structure shows no special adaptation

to meet it. Finally, that, in some few eases, there are apparent exceptions to this last rule.

We have so fiir considered an individnal bone as if it were simply a piece of a ma-
chine which, to fulfil its function, must have a certain size and shape and a certain power
of resistance. Othei- and broader questions now present themselves.

"We know that certain classes and orders of animals have a characteristic structure of

bone of which the most strikiug instances are the slender bones of fishes and the ex-

panded bones of birds. The same is true of certain orders of mammals; but we do not

know just how far snch characteristic structui-es can be ascribed to genera or to species.

That these peculiarities are in general advantageous may be considered as accepted, but
are they always soV Do they extend to eveiy bone of the skeleton? Are useless or

rudimentary structures found in bone? Do i)articular bones show a similarity to corre-

sponding bones in other animals, and if so, is the structure in each case solely teleologi-

cal? In fine is there ground for Wolff's assertion that a bone is built on the only

possible plan ?

It was the writer's intention originally to limit the discussion to mammalian bones, and
this plan has been followed in the main, but he has been led in one or two instances to

refer to those of other classes.

Let us now pass in review, the proximal ends of the humerus and femur of a numl)er

of mammals, beginning with man, and having compared the bones of the two extremities

in the same species together, then compare each with the corresponding bones of other

animals.

Man. These bones have been so often described, that a sunnnaiy sketch shall suffice.

In the humerus (fig. 2) the shaft is thin, the spongy tissue light and its plan veiy indis-

tinct. It is denser in the head Avhere it is of the round-meshed pattern. It is very light

in the greater tuberosity. Sometimes a system of plates I'unning up into the head from
the inner side of the shaft can be made out. The femur (fig. 3) is of a much heavier

make, the shaft is much thicker and the plan distinct. In brief, this consists of decussa-

ting plates from either side of the shaft, of a very well marked scries, running from the

lower side of the neck into the dense, round-meshed head, of a series of arches from

the outer shaft which meet and perhaps pass through this series, and finally of the light

tissue in the trochanter major with a few plates parallel to its surface. The important

differences between the bones ai'e the rudimentary neck of the humerus, its much lighter

structure and indistinct i)lan. The teleological significance is evident.

Apes. The humerus of the chimpanzee (fig. 4) might easily be mistaken for a small

human one, its chief difference being a greater density of structure. The femur (fig. 5)

is on the same plan as in man. The tissue of the head is veiy dense. Its centre is al-

most solid bone. The bones are larger in the (jorllla. The humerus (fig. 6) is a little

broader and the series of plates running to the head from the inner side of the shaft is

more defined. The fenuir (fig. 7) is very like the human one, but below the trochanter

the shaft is convex. Tlie head is veiy dense. In both these animals the femur is much
denser and heavier than the humerus, though the difference is less than in man. It is

hard to say whether the difference between the two is greater in the chimpanzee or the

gorilla. In the mandrill the humei'us (fig. 8) is broader, the plates from the shaft show
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a decussation and tlit' series from the inner side to the head is more distinct. In short,

it is more like a femui'. The bones of monl-eys difler from those of man and the higher

apes by their greater hghtness. The cavity in the shaft is relatively larger and reaches

nearer the ends.

Cakxivora. I have examined the l)oncs of the dog, lion, otter and sea otter. 'So de-

tailed description is necessary. The hiunerus and femur are more alike than in man and

the apes, the neck being relatively longer in the humerus and shortei' in the femur than

in the latter order. There is the same general plan in humerus and femur. The head

of the latter shows a somewhat greater solidity than in the forniei". This diftei'ence was
especially marked in the dog and hardly perceptible in the sea otter. This animal was

chosen in order to ascertain whether the bones present any resemblance to those of the

seal. Unfortunately, I could examine but a single sea otter and the bones proved imma-

ture and consequently unsatisfactory, for t3'pical structure is usual!)' evident only after

the nnion of the epiphyses.

PiNKiPiCDiA. The bones of the seal are very interesting. The section of the hu-

merus (fig. *.)) passes through the head and the inner' tuberosit}^ It shows plates leav-

ing both sides of the shaft and tending towards the middle. Others pass into the head

from below. The line of the epiphysis of the head is well marked and pi-obably the line

obliquely cutting off the tuberosity marks the epiphj'sis also. The head is of a light,

round-meshed structure. The greater part of the tuberosity is taken up by plates, ra-

diating from two solid masses, situated, respectively, on the U[)per and outer border, which,

meeting at its outer extremity, form with the attached base a triangle, inside of which is

some light, spongy tissue. The femur (fig. 10) is by no means very different, but less

distinct. It shows a head of no greater solidity than the humerus. In both bones we
find a structure differing from any that we have yet seen, consisting of broad, relatively

thick plates with large spaces between them, which appears to be a generic peculiarity.

This description is made from bones of the P. vitulina, but the figure of the femur is

taken from the P. Oroenlandica which corresponds strikingly. The humerus in Otaria

jidiata shows a denser structure in the head and the characteristic structure of the seal is

less evident, though there is an approach to it. As above stated, the bones of a young

sea otter showed no trace of this peculiarity.

Cetacea. I have examined bones of small wliales fifteen or eighteen feet long-,

proljablythe GloMcephalus ??if?«s, and also of ^xtrpoiscs. The section (fig. 11) embraces

the Avhole humerus. The denser, spongy tissue of the head is distinguishable. Plates

from the thick inner side run into it, and then there is a beautifully marked decnssation

at the upper end of the bone of plates from cither side. The highest ones from the

outer side run to the top of the bone. The tuberosity is of lighter texture. The thick-

ening of the solid parts on each side near the middle of the bone is even more marked

in a similar section of a young porpoise. The structure is very dense, and consists of

thin plates arranged very closely together. It seems characteristic.

Ungulata. I have examined bones of the horse, moose, gazelle, caribou, sheep, goat

and harteheest (an African antelope). The four first-mentioned species differ from the

last-mentioned three in having the cancellated tissue prolonged much further into the

' This section tlirough tlie inner tnberosity shows, T one throngli tlie outer, owing proljnljly to llic curious for-

tliinli, a greater resemblance to the rest oX tlie series than uiation of the humerus in this animal.
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shaft of the bone. The moose (figs. 12 and 13) is a good example of the former type,

and indeed it is an excellent specimen of the structnrc in the quadruped. The internal

structure is as similar as the diUcrcnce in shape between the humerus and femur allows.

There is very little difference in density between the heads of these bones iu the same
animal. I have been able to cut only the femur of Rangifer tarandus, the caribou. The
sti-uctnre of the head is very dense, decidedly more so than in the femur of the moose.

The plates in the neck are very delicate aud near together, giving the bone rather

a characteristic appeai*ance. The bones of the liarteheest (figs. 14 and 15) are very strik-

ing. The Avails of the shaft are very thin in proportion to its diameter, and there is no
cancellated tissue below^ the very ends. This is pretty dense in the heads and lighter in

the tuberosity and trochanter. A series of plates can be traced from the inner side of

the shaft into the head. Both bones, but especially the humerus, present large plates

and bars running through empty spaces, giving very much the appearance of a bird's

bone. As it was known that this animal had died in a menagerie, it seems possible that

the bones arc pathological, but both the sheej') and the goat show in a less degree the thin

shaft and the absence of cancellated tissue in parts where it is found in the other un-

gulata that I have examined.

Mahsupialia. In the hangaroo the humerus is much smaller than the femur, and the

plan not very clear. The femur (fig. IG) shows the usual plan; but these bones present

one remarkable peculiarity. In the ])ones hitherto described the surface of the head is

always of spongy tissue and the line of the epiphysis when visible cuts off a considerable

portion of the head. In the femur of the kangaroo the line of the epiphysis sepai-ates a

crust of solid bone covering the head. This crust seems precisely as compact as the

bone of the shaft. In the humerus there is a similar arrangement, only the outer portion

of the crust shows a number of small holes, an approach to spongy structure. Anxious

to know if this is a marsupial peculiarity, I examined the bones of the opossum and

found precisely the same hard cap constituted by the epiphysis in the femur, but in the

humerus the epiphj'sis consists of spongy tissue.

To study the general plan of the heads of these bones we should begin with a quad-

ruped. We find in the humerus and femur a system of plates passing off from the outer

and inner walls of the shaft and forming Gothic arches at the top of the bone. The

head is of dense, spongy tissue, of the round-meshed pattern, into which runs a series

of plates from the underside of the neck. The great tubei-osity and trochanter are made

of looser tissue. In the former, the plan is less certain ; in the latter, it is in the main,

(as seen in frontal plane) a rectangular network of vertical and horizontal plates. Ex-

ternally there may be a series parallel with the surface. In most of the animals men-

tioned, this general description will apply to both humerus and femur. The head of the

humerus is of about the same consistency as that of the femur in ungulata, in which the

weight is about equally distributed between the bones, and in the seal, iu wliich neither

bone bears any weight. In the carnivora, in which the anterior extremity is more pre-

hensile, the head is lighter and this difference is still more evident iu apes and man. In

the apes we find a lengthening of the neck in the femur and a shorteuiug of tliat of the

humerus, with a corresponding change in the internal structure.
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Reserving tilllater a discussion of several questions, Ave may mal^e from this series of

specimens at least the general conclusion that these homologous bones of the two ex-

tremities of the same animal correspond closely in structure when their function is nearly

the same, and that when their function is different their structure differs also but that

the main featui-es of the common plan can still be recognized.

The study of the calcaneum and the olecranon is very instructive. A longitudinal sec-

tion of the human heel bone (fig. 17) may be described as follows: There is a thickening,

from which plates radiate, situated at the lower border of the upper articular surface.

Some go forward to the plate that rests against the cuboid, others downward, others back-

ward and downward, the latter being joined by other plates arising- above the point

mentioned. There is then a series of plates acting as ties passing from the posterior

towards the anterior surface describing a curve Avith a downward convexity. These

plates come very near to one another at the under surface of the bone. The Avhole

structure may very aptly be compared to a triangular rafter even to the appearance

of a vacant space in the middle at the neutral point. Besides these systems there is

often seen a series of plates parallel to the posterior surface held to be continuous

with the fibres of the tendon.

This structure is so admirably adapted to the upright position that it seems very sur-

prising that a strikingly similar arrangement should be found in the os calcis of quad-

rupeds in which its position is utterly different, the hind end pointing upward in the air

instead of resting on the ground. Merkel uses this as an argument against the teleo-

loo-ical significance of the internal structure of bone, and it long seemed to me an al-

most insuperable difficulty; but in fact, rightly interpreted, it is a strong argument

on the other side. Let us suppose a man in the act of running Avith one foot in the air

and the whole weight of the body resting on the toes of the other. The heel is raised

and the foot is in the position of a quadruped's. Most of the Aveight is, of course,

transmitted through the leg to the os calcis and it may be divided into two components,

one running forAvard to the cuboid, the other backward to the tuberosities of the bone.

These no longer rest on the gi'ound and the pressure conveyed to that end of the bone

is resisted by the tense tendo Achillis, so that the conditions are essentially the same in

running and in standing; only of course there is a far greater strain in the former posi-

tion Avhich is the one normal to quadrupeds.

The bone in the cliiinpanzee (fig. 18) is A^ery like the human one but the series of

plates that runs backward does not appear to reach the inferior surface of the bone.

In the plantigrade bear (fig. 19) the bone is relatively longer, but the principal new
features it presents are the gi'eater thickness of the upper and lower surfaces. In the

lion (fig. 20), horse, deer and gazelle the bone is more elongated, but the same general

description Avill apply to all. In the seal (fig. 21) the bone is not used to bear the weight

of the animal but for purposes of pi-oj)ulsion in swimming. The contraction of the mus-

cles presses it against the astragalus and the line of pressure divides as in the other

animals. We find, therefore, an essentially similar plan of internal structure. The thick

loAver border is seen to be comj^osed of many of the laminae of the inferior system Avhich

meet at this ])lace. The structure of the bone is lighter than in most of the other ani-

mals mentioned, but the characters of the seal are less distinct than in the long bones

or the vertebi'ae.
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At first sight it would seem that in man there is little in common between the olecra-

non and the calcaneum. It is possible, however, to recognize in the very delicate spongy

tissue of the human olecranon (fig. 22) two systems that pass upward crossing each other

in a series of graceful curves. The best marked comes from the posterior border, the

other from the articular surface of the great sigmoid cavity. In the gorilla we have the

same thing only the scale is larger and the plates stronger. The plan is such as we
find in many other prominences.

Now in the lion we have an example of the arrangement common in qaadrn])cds in

which the olecranon, pointing upward just like the os calcis, has a strong tendon im-

planted at the extremity in the same way and transmits the weiglit to the shaft of the

boue as the os calcis transmits it to the tarsus. The teleological rehitions are strikingly

similar. The main difference is in the point last mentioned, that in the os calcis there is

a series of plates running downward and forward against the surface for the culjoid and

that in the ulna the pressure is transmitted through the shaft. In the lion (fig. 23),

which may do for a type, there are found in the elongated olecranon, two series of plates

crossing one another at the back strikingly resembling the calcaneum, and we find that the

compact substance of the back of the shaft is formed by the aggregation of many distinct

plates. In the hear the shape of the olecranon is peculiar. It is pointed and quite dif-

ferent from the rather human heel bone but the internal structure shows a decussation

of plates. In some of the ungulata the shape as well as the internal structure is very

similar. I think that in many cases it would be very difficult to tell whether a section,

which one could not compare with others, were through the end of the olecranon or the

end of the calcaneum.

This series shows, therefore, a similarity of structure coincident with similarity of

function in non-homologous bones and the presence of the general plan throughout the

series.

We shall next examine the vertebrae and more particularly their bodies. The essen-

tial features of the body of a mammalian vertebra are a series of longitudinal plates

running from one end to the other and a series of weaker plates crossing them at right

angles especially developed near the ends. The surfaces of the pedicles are almost

always thick. They give off" plates that in sagittal sections are sometimes seen joining

the transverse system and in other places describing curves and joining the longitudinal.

Sections parallel to the intervertebral discs show at times series of loops from the pedi-

cles across the body decussating with similar ones from the opposite side.' These are

probably formed in part by the cut edges of longitudinal plates. The chief system in

all mammals is the longitudinal one.

In man (fig. 24) one is struck by the lightness of the whole structure. Tlie [ilates

are nearer together at the ends and wider apart at the centre, where they are thicker.

This may serve for a centre of su]iport and also form the walls of the vascular canals.

Something may be seen of the oblique systems, but they seem too weak to be of unich use.

The same general description may apply to the lion (fig. 25) and the dog; but the

plates are nearer together and the formation is denser, there being little space in the

middle. In the liorse (fig. 26) again the essential system is a dense longitudinal one.

Tin; reader will liiicl much that is iiiteresliiii^ miil valuable iu Bai-delebcu's mouo-raph on the spiuc alix-aily i-ulei-red to
_
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The long-itudiiial arrangement is evident in the seal (fig. 27), l)ut transverse sections

of the lumbar vertebrae show the plates diverging from the compact bone on the inner

side of the pedicle with remarkable clearness. There is also a set rimning horizontally

inward from the lower surface of the transverse process which arises from the body of

the vertebra. These vertebrae present another peculiarity: to ^vit, the great thickness

ol" the epiphyses at the ends of the bodies which consist of cancellae arranged longitu-

dinally. Tliis description applies to the Groenlandica as Avell as to the P. foetida. In

one or two dorsal vertebrae of the Otaria, which I had an opportunity to examine, the

longitudinal system was clear and the transverse indistinct. In all these there were the

thick plates and large spaces which are characteristic of the seal tribe.

The vertebrae of cetaceans shoAV the characteristic sti'ucture of many thin plates vei'y

close together. The arrangement is clearly longitudinal with tubular spaces. In the

dorsal region the structure is very dense and heavy, the middle of the body in a small

wdiale being almost solid bone. The structure is lighter in the lumbar region and in the

caudal lighter still. The systems of horizontal plates from the transverse processes can

be traced but a short distance in the body. The lumbar vertebra of the whale (fig. 28)

has one peculiarity that I have seen in neither carnivora nor ungulata, namely, a solid

crust of bone surrounding the body. The iipper one is continuous wdth the compact

tissue of the pedicles, the lower Avith that of the transverse processes. In the dorsal I'egion

this solid shell is found only at the upper side of the vertebra bounding the canal. I

have not found this in either the dorsal or lumbar region of the porpoise.

I have had the oijportunity of cutting but one bone of the Slrenia, one of the anterior

lumbo-caudal vertebrae of the manatee (fig. 29). The structure is very whale-like. It

has the same plate siTrrounding the body as in the same region in glohicephalas

;

the same decussation of the plates from the transverse process on each side ; a substantia

intermedia and at the lowest part a structure of coarser plates and larger spaces.

Above this on either side of the middle the structure is denser than in the Imnbar ver-

tebra of the whale.

Sunnning up our observations on the bodies of the mammalian vertebrae we find that

the plan is in the main a longitudinal one. In man, the structure is the lightest of all;

in whales and the manatee the heaviest. There can hardly be a doubt that the pressure

to w^hich the bodies of the vertebrae are constantly subjected is in an antero-posterior

direction being due to the comjjression they exercise one on another. In quadrupeds

the dorso-lnmbar region may be compared to a bridge,^ one end of which is supported

on piers (to wit, the femurs), the other being suspended (from the scapulae) sometimes

only by muscles, sometimes having the additional support of a claAdcle. The thorax is

suspended by the serratus, the neck by the levator angiili scapulae and therefore the tho-

racic spine is sujiported through the riljs. The pieces of the spine are connected by

strong longitudinal ligaments; many and powerful muscles, by their contraction, press

the vertebrae together, hence the longitudinal arrangement of the plates, for it is neces-

sary to the safety of the arch that it should be compressed. In man, the arrangement

is different. The spine is placed on end and really requires less strength than in the

quadruped.

' Compare Liicae; Kobbe uiiJ Otter. AI)haiKlliiiigeu lies Seutkcub. natiirf. Ges., Bil. viii ami ix.
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In whales the conditions are not quite tlie same; nevertheless the spine is not straight

but bent in the thoracic region. The shape of the bodies of the vertebrae is not such

that this could be done without the restraining force of ligaments and the vast power
of the muscles must pull the vertebrae together; hence, here also the longitudinal

arrangement.

In the seal the plan is less modified. It has been stated that the pressm-e is trans-

mitted to the thoracic portion of the spine through the ribs and very probably this oc-

curs through the tubercle that ai'ticulates with the transverse process much more than

through the head of the rib. Hence the pedicles connecting the transverse processes

with the body must be strong. But this is not the only reason; the pedicles have also

to transmit the strain, probably very considerable, occasioned by the pressure on the

articular processes in various movements. Thus the firm walls which the pedicles us-

ually present are what might be expected, and it is natural enough that plates should

pass off from these points of support through the vertebral bodies both lengthwise and

crosswise. Still, as a rule, the work done b}' these systems does not seem important.

Before ajiproaching some other questions, it may be interesting to take a cursory view

of the vertebrae of other classes.

In the osseous fishes (fig. 30) the body is doubly concave. The end plates are sup-

ported by others running antero-posteriorly which appear as radiating lines in a trans-

verse section. These are connected by occasional transverse plates which in some places

are so developed as to siiggest concentric rings.

In the alligatoi- (fig. 31), the plan bears a certain resemblance to that of the fish.

There is a general radiating arrangement with mostly large interspaces. Near the up-

per part of the body, i. e., just below the canal, the structure is thicker. The cancellous

tissue is veiy dense in the rounded end. Longitudinal sections show plates running

from before backward and also near the side, strong plates running downward and

backward from the anterior articular processes, and others downward and forward from

the posterior ones. There is a beautiful strong system of plates with large interspaces

in the arches and roots of the transverse processes that is very characteristic.

In the great Galapagos tortoise a cervical vertebra shows a plan of rather thick plates

and large interspaces. The osseous tissue is much less dense than in the alligator.

The vertebra cut being the only cervical one in the series, it is not worth while to discuss

the arrangement in detail as it cannot well be compared with the others. Sutfice it to

say that the plates are disposed chiefly longitudinally, and that the general appearance

is not in the least like that of the alligatoi-.

The vertebi-a of the snake is curious, presenting more solid substance than any verte-

bra I am acquainted with. Figs. 33 and 34 represent two frontal sections made respec-

tively near the back and front of the body of a vertebra of a pithon. Fig. 34 is just

behind the hollowed anterior end. The circular portion of spongy tissue is just back of

the cup and is inclosed by an envelope of compact bone. The latter is found also at

the lowest part of the body and in the articular processes which receive the posterior

ones of the vertebra in front. The other section shows almost exclusively solid tissue

both in the body and in the posterior articular processes. Fig. 32 shows a horizontal

section through the body. The spongy tissue on the convex head is well shown; that in
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the cup is seen better at another level. We see here the section of a median vertical

plate extending from the cup of compact tissue at the front, back to the head where it

breaks up into trabeculae. There is a band of spongy tissue running from the articular

suiface for the head of the rib obliquely backward and inward. It may be that elastic-

ity is gained by the constituent parts of the ball and socket joint at the ends of the

bone being made of spongy tissue, which transmits the pressure to deeper solid bone.

The articular processes that fit into one another are remarkably solid while the articular

tubercle for the head of the rib is cancellated. Fig. 35, showing a frontal section of a

dorsal vertebra of a bald eagle, makes a description superfluous. There is a general re-

semblance to the dorsal vertebi'a of an alligator that is very sti'iking. If we compare

this highly specialized type with the vertebra of a peacock that flies but little, at the

first glance the difference appears very slight, but with a little study the wonderful

lightness of the plates in the eagle becomes apj^arent. Let us now put together the

conclusions that seem justified by this series of studies of bones.

We started by accepting as established, that the structure of bone both external and

internal, is, in general, correlated with the sti-ain it has to resist, but we found that its

external shape is modified so as to give room for the attachment of muscles. The in-

ternal structure is not modified to resist the pull of the muscles, except in some few

instances, and the fibres of tendon are not continuous with the fibi'es of decalcified bone.

We find also that the strength of the osseous structure increases with the strain on

the bone. Thus the trabeculae of the human humerus are lighter than those of the fe-

mur, while in the uugulata they are nearly equal, and the lumbar vertebrae of the whale

are intermediate in density to the dorsal and caudal ones.

We find a marked correspondence of structure between homologous parts of bones

having nearly the same function, as the proximal extremities of the humerus and femur

of the uugulata; and where the function is diverse there is a corresponding diffei-ence of

structure, as shown by the shorter neck of the humerus and the longer neck of the

femur in man and the apes, the traces of the common plan being recognizable.

We find a similar correspondence between non-homologous bones having a nearly

similar function, as between the olecranon and the end of the calcaneum in many quad-

rupeds.

The study of sections of diff'erent bones in the same animal, and my observations, are

by no means limited to the parts discussed in this paper, shows that certain classes, or-

ders and genera have a characteristic type. The main characteristics of the bones of

fishes and birds are too familiar to require mention, and I have not given enough study

to i-eptilian bones to discuss them in detail. Among mammals we find a characteristic

structure in the pinnipedia, and another in the cetacea. We find a considerable differ-

ence among the uugulata. These features are more marked in some bones of the same

skeleton than in others. Beside these peculiarities of the skeleton as a whole, there ai-e oc-

casional appearances that are charactei-istic of certain animals. Are these teleological?

To consider first the outer shape of the bones, it is hard to believe that the needs fin-

support and motion should be so much alike in the horse and rhinoceros and so different

from those of the even-toed uugulata, that the former should require a third ti'ochanter,
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and that the latter should not. It is very problematical whether the snpra-condyloid

foramen of the hnmerns is of advantage to its possessors, and if so, that it would not

be equally useful in species that do not possess it. Why is there a supra-condyloid for-

amen in the humerus of the seal and none in that of the sea lion? The solid epiphysis

of the head of the femur in the kangaroo is not easily accounted for. If it is said that

it is to resist the shock of the forcible extension of the femur in jumping, one might ask

what explains its appearance, in a less developed form indeed, in the little used antei-ior

extremities, or why it is found in the femur of the opossum. To say that this structure

is the result of heredity, gives no explanation of its original appearance. If it is useful

one would expect to find it in other leaping animals.

The occurrence of apparently useless rudimentary structures in other systems is so

well recognized that thei-e is no a priori reason why they should not occur in bones.

Professor Heiberg^ of Christiania has the merit of showing that the lines on the lower

end of the human femur, erroneously supposed to be due to the pressui'e of the semi-

lunar cartilages, are of this class, being, in fact, the representatives of the more marked
separations of the patellar and the two condyloid surfaces in many animals. It is not

unlikely that many features of the internal structure of bone may have this significance.

It is curious that the two most striking peculiarities of the texture of bone that we
have noticed in mammals, are those of the seal on one hand, and whale tribes and the

manatee on the other. These atjuatic animals resemble one another in the thick layer

of fat under the skin and in the flipper-like anterior extremities, though these are rather

rudimentary in the whale and highly specialized in the seal, the former having relatively

weak muscles and the latter strong ones; but the bones, or at least the larger ones,

differ radically in these two types. Each departs from the ordinary plan in an opposite

direction, the seal having thick plates and large intei-spaces; the whales and manatee,

very numerous thin plates crowded together. It may be urged that the purpose of the

heavy cetacean bone is to i-esist pressure at great depths, but though this need may ex-

ist for the larger whales, it probably does not for several species, and certainly not for

the manatee. The bone being then apparently unnecessarily massive in the whale, the

architectural plan of the internal tissue seems doubly unnecessary, yet Ave have seen it

beautifully marked in the whale's humerus. In the manatee, especially, there is a strong

suggestion of a degenerating type. On the other hand, the structure of the bones of

the seal implies at once strength and lightness.

It appears, therefore, evident that so far from the actual structure of the bone being

the only possible one, it in many cases presents useless features, and that certainly there

must be some determining factor besides teleology. Is it impossible to hold that the

vertebrae of an alligator, for instance, could not answer their purpose equally well if the

internal structure were more on the plan of mammalian vertebrae? Are there not pecul-

iarities of race that in all cases, at least, do not answer any definite purpose? It seems

to me that there can be no reasonable doubt on the matter. It may l)e urged that Ave

lack the knoAvledge to decide whether any given organism considered as a Avhole is or is

' Arcliiv. fiir Aiiat. mid EiilwicUtlung.sseschichtL', 1883.



14 THOMAS DWIGHT ON THE

not as o-ood as its nature admits. It ma}- be urg'ed that an essential element of per-

fection is the due proportion of parts and faeukies, and that it is impossible for ns to

say that greater development in some particular direction would be for the welfare of

the individual. I have no desire to dispute the great truth underlying these propositions,

but in view of rudimentary organs alone, it would ap])ear that at least in some subordi-

nate details useless struetm-es occur, and we have no means of deciding what limits to

assign to the action of the causes pi-oducing them. It is certain that these appearances

are not due to chance ; there must be some determining cause modifying the structure

in this direction. It is customary now to quote rudimentary organs and anatomical

anomalies as evidences of descent, but it seems t<j me very impi'0])erly, occurring as

many of them do quite out of the line of inhei'itance. This criticism applies with great-

est force to anomalies, but rudimentary organs seem phenomena of the same general

class. What principle then shall account for them? We must turn to homologies.

We see throughout vertebrates a general plan; and though great modifications occur,

the plan persists. No liberties, so to speak, are taken with it beyond a certain point.

There are, never, for instance, more than two eyes, or one mouth or four pairs of limbs.

Is there reason to be sure that none of these, or analogous modifications, might not be

for the benefit of the individual? Yet, I tliink every student of natural history would

look on the suggestion that they will ever occur as chimerical.

The principle of homology has a restraining influence on variations of structure, both

in quasi-accidental instances, as in anomalies, and in transformation, of species (if that

occurs) by restricting changes within the limits of the general plan.

To condense further these deductions, it appears that the internal structure of any

particular bone may show evidence of three factors: first, that of teleology; second, that

of homology ; third, that of correlation to the structure of other bones of the same ani-

mal. The relative prominence of these factors varies greatly. For example, in the hu-

merus of the whale the first is of little moment and so is the third in the heel bone of

the seal. Thus, while we find provision for the fitness of the part, we find also some-

times appai-ently useless structures, sometimes apparently evidences of degeneration,

but throughout ai'e more or less distinct marks of hai-mony with other parts, and of

homology with other forms. How has this been accomplished? Cleai'ly the crude

notion that accidental, purposeless, external forces should be sufficient to change by slow

degrees one such organism into another of a different species is untenable. The doc-

trine of chances alone shows it to be impossilile. There is, moreover, the unanswerable

argument of the inevitable uselessness of incipient structures. Where we see the need,

we see the structure to meet it already perfect. We see also the combination of ho-

mology with teleology. Whatever, therefore, the share of evolution maybe in the pro-

duction of species, it is not one of chance. The changes must be for the most part

comparatively sudden, and, therefore, due to an implanted, internal force acting in pre-

determined directions. On the theory of external accidental forces, the preservation of

homology is incomprehensible. The action, however, of this internal force, is, no doubt,

modified by accidental secondary causes, which may produce degenerative as well as

progressive changes.
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In conclusion, I wish to express my sincere thanks to the authorities of the Boston

Society of Natural Histoiy and of the Museum of Comparative Zoology at Cambridge,

for their kindness in allowing me to cut valuable bones. I am indebted for many of the

best sections to the skill of Dr. S. J. Mixter, Assistant Demonstrator at the Harvard

Medical School. The illustrations are phototypes by the Lewis Company made from

photographs taken in every case from the actual specimen.

DESCRIPTION OF PLATES I-III.

ITig. 1. Femur of horse, cut Uirough thii-d trochanter.

" 2. Humerus of mau.
" 3. Femur of man.
" 4. Humeru.s of chimpauzee.
" 5. Femur of chimpanzee.
" G. Humerus of gorilla.

" 7. Femur of gorilla.

" 8. Humerus of mandrill.

" 9. Humerus of seal {Phoca vituliwi)

.

" 10. Femur of seal {Phoca groenlandica).

" 11. Humerus of whale {Globicephahis melas?).

" 12. Humerus of moose.
" 13. Femur of moose.
" 14. Humerus of hartebeest.

" 15. Femur of hartebeest.

" 16. Femur of kangaroo.

" 17. Calcaneum ofman.
" 18. " " chimpanzee.
" 19. " " bear.

" 20. " " lion.

" 21. " " seal.

" 22. Olecranon of man.
" 23. " " lion.

" 24. Vertebra of man.
" 25. " " lion.

" 26. " " horse.

" 27. " " seal {Phoca foetida)

.

" 28. " " whale {Qlobicephalus melasi).

" 29. " " manatee.
" 30. " " horse mackerel.

" 31. " " alligator.

" 32. " " pitlion (horizontal).

• I 33. " " " (frontal, near posterior end of vertebra).

" 34. " " " (frontal, near anterior end of vertebra).

" 35. " " bald eagle.





II. The Development of the Ostrich Fern, Ojstoclea struthiopteris.

By Douglas Houghton Campbell, Ph.D.

(Walkei- Prize Essay, 1886.)

j^MOj^G the most characteristic ferns of the northern United States are those be-

longing to the genus Onoclea, represented by three species, two of which, O. sensihilis,

L., and O. stvuthioj^teris, Hoffm., are found throughout the northeastern United States,

the latter species, the subject of this memoir, being less generally distributed, though lo-

cally abundant. It also occurs throughout northern Eurojie and Asia.

The sporangia in this fern are borne in great numbers on the back of the fertile fronds,

and as these remain standing through the winter after the sterile fronds have decayed,

spores can be obtained at all seasons of the year. These retain their vitality for several

months after being gathered, so that when the plants are common, abundance of material

is constantly on hand. This foct, together with the ease with which the spores can be

germinated, makes the plant a specially valuable one for study.

The observations here recorded were begun in the spring of 1882, and were continued,

with more or less interruption, through the autumn of 1885. The points of most im-

jiortance discussed are the following:

The presence of a third coat in the spore.

The marked dioecism displayed b}' the prothallia.

Formation and development of the apical cell of the prothallium.

Continuity of the protoplasm in the cells of the prothallium.

Development of the antheridium and antherozoids.

Absence of the ventral canal-cell in the archegonium.

Succession of the divisions of the embryo and the establishment of the apical cells

of its different members.

Development of the different tissues of the embryo.

Development of the leaf from the apical cell, and the relation of the different tissues

of the leaf to the segments of the apical cell.

Method of formation of the pinnae.

Development of the stem from the apical cell.

Development of the sporangium.

MEMOIRS BOSTON SOC. NAT. HIST., VOL. W. i (17)
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Section I. Prothallium.

The spores are of the so-called bilateral form, oval in shape and protected by a fii-m,

dark brown outer coat, the exospore, whicli is provided with ridges or folds, usually ar-

i-anged so as to enclose au irreg-uhirly polygonal area, other i-idges ruiuiing from the an-

gles. The spore is slightly flattened on ttie side originally in contact with its fellow, in

the mother-cell, and the exospore on this side is smooth. Besides the exospore there are

two other coats: a middle one that does not appear to have been previously noted in

ferns, and the endospore. The middle coat is not readily seen before germination, but

that it is not unmodified cellulose is shown by the ftict that the prolonged action of sul-

phuric acid and iodine does not color it blue. It is plainly seen in cases where the opaque

exospore has become detached before germination, as it must be ruptured before the en-

dospore can protrude. The exospore seems to be only slightly attached, readily separat-

ing on slight friction, and is often thrown off by the swelling of the spore on the absorption

of water.

On examining dry spores after the removal of the exospore, they are found to be flat-

tened on one side, but in a few minutes after being placed in water, by its absorption they

become distended and all trace of flattening disa[)pcars, the spore then being almost per-

fectly oval in form (PI. 4, fig. 1). Thej^ contain abundant chlorophyll which is some-

times nearly uniformly distributed throughout, but is commonly more abundant in the

center. Besides the chloi-ophyll, the protoplasm contains other granules, not, however,

of starch. Oil is often to be detected in drops of considerable size but is usually uni-

formly distributed. At the center of the spoi'c, but usually nearly concealed by its dense

contents, is a small, but sharply defined nucleus

Under favorable circumstances, the spores begin to germinate in from three to five days.

The early stages can best be observed by simply growing the spores in water, and keep-

ing them in a warm place in a moderately strong light; but perfect prothallia cannot be

thus obtained.

The first sign of germination, in cases where the exospore has been thrown off, is a

splitting of the second, or middle coat, for neai-ly the whole length of the spore, and
through the fissure thus formed the endospore protrudes (PI. 4, figs. 2, 3). Usually

one end of the spore at this time is more transparent than the rest, being wholly, or in

part, destitute of chlorophyll. This transparent end becomes shut oft' from the body of

the spore by a septum nearly at right-angles to the longer axis of the spore, and becomes

the first root-hair (PI. 4, figs. 2-4, G). This elongates rapidly, attaining in the course

of two or three days four or five times the length of the original spore. The body of

the spore has also elongated by this time to more than twice its original size, and becomes

further divided by a septum nearly parallel to the first. The terminal cell continues to

increase in length, and new septa parallel to the first are formed thus causing the pro-

thallium to assume the filamentous or j^rotonemal stage (PL 4, figs. 4, 6). By the

end of the first week many of the prothallia show divisions at right angles to those first

formed, this sometimes occurring in the second or third cell, but not usually until a row
of three or four cells has been formed. About the same time a second root-hair is formed

from the basal cell. A small papilla is formed on one side which is cutoff from the cell
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by a septum, and rapidly elongating assumes the form of the first (PI. 4, fig. 5 /'). Like

this it contains little or no chlorophyll. As growth progresses the chlorophyll granules,

which had at first been crowded together, become more separate and very distinct. The
protoplasmic layer in which the chlorophyll granules are embedded lines the walls of the

cells, the center of the cell being occupied by a large sap-cavity. The nucleus, which

is sharply defined, and usually contains an evident nucleolus, is round in outline, and lies

close to the wall of the cell. In the root-hairs the protoplasm, near the growing end, is

finely granular, and a few larger granules are scattered through the periphei-al protoplasm.

In the young hairs, some of these are f\iintly colored with chlorophyll but this seems to

be finally lost.

If the protoplasm of the cells of the prothallium is contracted, e. g., by a solution of

sodium chloride, and then stained, the continuity of the protoplasm can be easily dem-

onstrated. Delicate threads of protoplasm can then be detected connecting the proto-

plasmic masses of adjacent cells, apparently passing through small openings in the

wall.

By the end of the second week the flattened form of the older prothallia begins to be

marked, on account of the division of the cells in two planes, and about a week later

the larger ones show the beginning of the sinus in the fi'ont margin, causing it finally

to assume the heart-shape usually met with in the larger prothallia of ferns. This form

is usually quite pronounced by the end of the first month (PI. 4, fig. 13). It is brought

about in the following way: after a row of several cells has been formed, the terminal

cell becomes divided by a wall nearly at right angles to the earlier ones. In the cells

thus formed, transverse walls are formed which, however, generally diverge somewhat

from an exact i-ight angle with the median wall, being turned slightly forward, thus

forming two cells that are nearly triangular in shape. One of these becomes the apical

cell of the prothallium, the other behaving like the ordinary cells. The apical cell be-

comes next divided by a wall parallel to one of its lateral walls, and next by a similar

one parallel to the other side. This process is repeated, resulting in two series of seg-

ments lying altei'nately right and left, thus rapidly increasing the breadth of the apex

of the prothallium (PI. 4, figs. 7-11). Occasionally, two segments appear to be cut off

from the side in succession, but this is probably exceptional. The first division in each

segment is transverse, and divides it into an inner and an outer cell. The succeeding di-

visions do not alwaj's follow the same order, but usually the next wall divides the outer

cell into two equal parts, and is perpendicular to the first one. Following this, the inner

cell is divided into two by a ti'ansverse wall. Beyond this point there is great irregu-

larity. However, the longitudinal growth of the segment exceeds the lateral growth,

so that the end of the segment is pushed out beyond the apical cell. This combined

with the rapid division of the marginal cells of the segment results in the formation of

a deep sinus or cleft, in the front of the prothallium, in the bottom of which lies the

apical cell. "Where this growth is excessive, the two lobes of the prothallium sometimes

overlap. Sooner or later the apical cell ceases to form lateral segments, and becomes

divided by a transverse wall into an inner and an outer cell, in the same way that the seg-

ments were first divided (PI. 4, fig. 12). The outer cell divides into two equal cells

by a wall at right angles to the first, and the apical cell thus becomes obliterated, acting

from this time on like the other cells. In cases where the prothallium is branched, as
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frequently occurs in the male prothallia, a neAV apical cell, dividing in the same way as

the original one, maybe formed at the end of a branch. One case was observed Avhere

the prothallium was divided into two bi-anches, each having a perfect apical cell, the

whole looking very much as if these two cells had originated from a bipartition of the

original apical cell.

Soon after the obliteration of the apical cell, or sometimes before, the cells in its vi-

cinity, which hitherto have divided in two planes only, now divide also by walls parallel

to the surface of the prothallium, thus giving rise to a mass of cells occupying the bot-

tom of the cleft in its front. In cases Avhere the prothallium continues to grow for a

long time and this process begins early, a thickened mid-rib is formed, running for

nearly its whole length.

The foregoing account applies only to the larger prothallia, which are, for the most

part, female. Many exceptions occur in the male prothallia, and the younger prothallia

that are exposed to unfavorable conditions. If the spores are germinated in water, the

cells become much longer and more slender, sometimes attaining four or five times the

normal length without dividing. On the other hand, prothallia grown under normal

conditions are to be met with in which no protonema is formed, but the second cell of

the prothallium dividing by a longitudinal wall, the flattened form is assumed almost

from the beginning. Where the spores ai'e sown thickly, the male prothallia sometimes

do not pass beyond the protonemal stage, the row of cells being terminated by an anthe-

ridium, and these simple jjrothallia are sometimes destitute of any i-oot-hair (PI. 4, fig.

15). "While many of the male have much the form of the female, differing simply in

their smaller size, they ai-e more commonly of very ii'i'egular shapes, especiall}' if they

have attained some size, often being much branched and lobed, reminding one strongly

of those of certain species of Equisetum. In some irregular forms, either no definite

apical cell is formed, or else it is early lost.

Under favorable circumstances the first antheridia are mature in from five to six

weeks from the time the spoi-es are sown, and the first ai-chegonia about three weeks
later. "With care they can be kept alive for a comparatively long time. A quantity of

prothallia raised from spores sown Aug. 31 , 1884, were kept through the winter, grow-

ing but little for about two months, from the last of November. They were removed
to a warm room in January and given abimdant light and moisture. Growth was re-

sumed and an abundance of antheridia and archegonia wei'e produced. The greater part

of the female prothallia produced young plants, but a few that Avere not fertilized were

alive a full year from the time that the spores were sown. Most of the male i)rothallia

had died a month or two previously. As the growth of the prothallium continues, new
root-hairs are formed from the cells near its base; these arise sometimes from the mar-

gin, but more commonly from the lower surface of the cells; in exceptional cases from

the upper surface.

Section II. The Sexual Organs.

The antheridia originate in the same Avay as the root-hairs. In the young prothallia

they arise from the marginal cells; in the older ones, from the upper and lower surfaces

as well. They begin as small prominences, usually close to the wall separating two ad-
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jacent cells. The protoplasm in the papilla is dense, especially in the middle, and con-

tains small chlorophyll granules. A septum is then formed, by which the jiapilla, now
the mother-cell of the antheridium, is shut off. This may be followed by a second wall

l^arallel to the first so as to form a pedicel, but this is unusual (Pi. 4, fig. 29, P). Ordi-
narily, the first wall to be formed in the mother-cell is funnel-shaped, the base of the fun-

nel being upward and the smaller end of the funnel in contact with the wall by which tlie

mother-cell was first cut off" (PI. 4, fig. 16). Sometimes this wall is almost flat, or it may
be convex downward but not reaching to the base of the antheridium. The second wall

(PI. 4, fig. 17) is nearly constant in form, dome-shaped or hemispherical and follows

pretty closely the outline of the antheridium which has by this time grown rapidly and
become nearly globular in shape. Finally, a third wall is formed in much the same way
as the first, and like it subject to considerable variatiop (PI. 4, fig. 18). The cell thus

formed is the cap-cell and has its inner surface in contact with the upper part of the second

wall. The antheridium now consists of four cells: an inner cell containing dense, finely

granular protoplasm, but no chloroi^hyll; and three others which suri-onnd this, in which
there is less protoplasm, but some small chlorophyll granules. Of the three outer cells the

two lower are thus annular in form, except in cases where the first wall formed is not suffi-

ciently convex to touch the basal wall of the antheridium, in which case the lower cell is

discoid. About the time the cap-cell is formed, or sometimes before, the central cell be-

gins to divide. The first wall (PI. 4, fig. 20) is vertical, dividing the cell into nearly

equal parts. This is followed by a second vertical wall (PI. 4, fig. 23) at right angles

to the first, so that when the antheridium is seen from above, the cells are ari-anged like

quadrants of a circle. These undergo further divisions (PI. 4, fig. 22) until there are

about twenty cells. Their form is polyhedral, but the outer walls are rounded so that

those on the outside of the mass appear almost globular. The pi-otoplasm is highly re-

fractive and finely granular and each cell is provided with a small but evident nucleus.

As soon as the sperm cells are fully grown the formation of the antherozoids begins.

The protoplasm becomes somewhat more coarsely granular and the nucleus indistinct,

though it does not actually disappear and can usually be demonstrated by staining. When
it becomes more evident again, it is seen to have changed form and to have increased in

size (PI. 4, fig. 25). Instead of being globular, it is now crescent-shaped. It grows
larger, becoming at the same time more curved (PI. 4, fig. 26). This continues until it

is soon evident that what was the nucleus of the cell is assuming the appearance of the

complete antherozoid. Growth continues until the body of the antherozoid is in contact

with the wall of the mother-cell, and lies coiled up within it, leaving, however, some

remains of the protoplasm of the mother-ceil lying between the coils. When the anthero-

zoids are nearly mature, the walls of the sperm cells, which were hitherto in close con-

nection, become partially absorbed leaving the sepai'ated sperm-cells free in the cavity of

the antheridium. If an antheridium, in which the walls of the sperm-cells have undergone

degradation, is placed in water, a very marked movement of the contents of the anthe-

ridium may sometimes be observed, dnc apparently to the absor[)tion of water by the mu-

cilaginous walls and their breaking down and dissolving through its action. Enough
of the wall is left, however, to still enclose the antherozoid. By the time that they are

ready to escape, the sperm-cells are so crowded as to press with sufficient force against
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the walls of the parietal cells to diminish their cavities very considerably (PI. 4, fig. 24) .

These cells at the same time absorb much vy^ater, and if a ripe antheridium is placed in

water, the tension resulting from the combined pressure of the cells within, and the tur-

gidity of the parietal cells from the absorption of water, are sufficient to cause a rupture

in the wall of the antheridium. This usually takes place between the two upper cells,

the cap-cell being torn in the operation, but sometimes by a rent in the cap-cell only. As
this occurs the lower parietal cells become much swollen and press inwards upon the mass

of sperm-cells which are thus forced out through the opening. Their discharge is ac-

companied by a small amount of mucilaginous matter, evidently the remains of the dis-

integrated Avails of the mother-cells. After lying quiescent for a few moments (PI. 4,

fig. 27) the vesicle in which the antherozoid is contained bursts and the antherozoid swims

rapidly away with a twisting movement due to its spiral form. It consists of hyaline pro-

toplasm, somewhat flattened and enlarged at the forward end, which sometimes shows

two or three indistinct and close coils, the hinder part being composed of one or two

open and complete turns of the spiral (PL 4, fig. 28). The cilia are numerous, being

developed principally on the antei-ior coils but also extending back to the beginning of

the larger ones. They are directed somcAvhat backward, as is plainly seen in treating

the antherozoid with iodine, Avhich causes it to become deeply stained and somewhat con-

tracted and the cilia rigid and sharply defined. The end tapers to a point Avhich some-

times is much prolonged. AVhen the antherozoid has recently escaped, the movement of

the cilia is so rapid as to render them almost invisible, but as it dies the movement be-

comes slower and is then seen to be iindulatoiy, the movement seeming to begin at the

point nearest the body and to pi'oceed outward toward the tip of the cilium. This move-

ment continues for some time after it ceases to be strong enough to propel the anthero-

zoid.

It sometimes happens that the antherozoid does not become entirely free from the

membrane of the cell in which it lies so that its movements are much hampered, the vi-

brations of the cilia being only sufiicient to cause a rotation of the cell. It may subse-

quently free itself entirely or it may never escape completely. As the antherozoid swims

away, there is seen attached to it a delicate vesicle which absorbs Avater and becomes

much distended. Contained in this are several line granules, the Avhole being the re-

mains of the mother-cell of the antherozoid. This vesicle is sometimes attached to the

pointed end of the antherozoid, sometimes it adheres for a considerable part of its length.

It occasionally happens that the antherozoids are imperfect in form, the hyaline pro-

toplasm that constitutes the body not being sharply differentiated from the gi-anular pro-

toplasm of the central parts of the mother-cell. In such eases the anthei'ozoid is club-

shaj^ed with the cilia at the pointed end, and the movement is less decidedly rotary.

The archegonia, like the antheridia and root-hairs, arise from the superficial cells of

the prothallium and are, therefore, morphologically trichomes. Unlike the antheridia

they are confined to a special part of the prothallium, being formed only on the lower

sui'face of the cushion of tissue Avhich lies at the bottom of the cleft in the front of the

prothallium. If the earlier archegonia are not fertilized, ucav ones continue to form as

long as the prothallium grows, the latter in such cases reaching a considerable size and

bearing, sometimes, a hundred or more archegonia. In such cases, the cushion of tissue,
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elongating with the prothallium, forms a sort of mid-rib leaving the remainder of the
prothallium a single layer of cells. In these large prothallia the edges are usually decid-
edly wavy.

The motlier-cell of the arcliegonium (PI. 5, fig. 3) is not easily detected at first, resem-
bling in shape and size the other young cells in the vicinity. Careful examination, how-
ever, usually makes it distinguishable. Its shape, like that of many of the surrounding-
cells, is that of a truncated pyramid, the base being at the surface of the prothallium.

Viewed from above it appears nearly square. The contents are quite different from those
of the neighboring cells. In the latter, the protoplasm together with the chlorophyll-o-ran-

ules and nucleus is coufiued to the parietal parts of the cells, the center containing only
cell-sap; in the mother-cell of the archegonium, on the contrary, the protoplasm appears
to be moredense occupying nearly or quite all of the cell. The chlorophyll granules are

smaller,^less numerous and distinct, while the nucleus is not only larger but nearly cen-
tral in position instead of lying near the wall.

The first step in the further development of the cell is a slight elevation of the outer

wall above the level of the neighboring cells, the upper part of the cell becoming usually

more transparent. ]^ext, the cell becomes divided into two unequal parts by a transverse

wall; the lower cell undergoes no further change beyond simple division, taking no
further part in the formation of the archegonium, but acting in all respects like the veo--

etative cells of the prothallium. The upper and larger cell next divides by another wall

parallel to the first, but more or less convex, the outer of the two cells thus formed con-

taining less protoplasm than the lower and forming the beginning of the neck; the lower,

filled with dense jirotoplasm and containing a large central nucleus, is the central cell

from which is finally developed the germ-cell (PI. 5, fig. 4). The upper cell now be-

comes divided by a wall at right angles to the longer axis of the prothallium into an an-

terior and posterior cell ; this wall is sometimes vertical, but more commonly inclined

backward so that even from the first, the anterior part of the neck is larger than the

posterior (PI. 4, fig. 31, PI. 5, fig. 2). A wall is next formed at right angles to the

first so as to divide the cell into four parts (PI. 5, fig. 1). These are the beginnings of

the four rows of cells composing the neck of the mature archegonium. The pi-otoplasra

of these cells is nearly destitute of granules, so that they are nearly colorless, and this

characteristic is maintained. Of the four cells into which the primary neck-cell is first

divided the two lying in front grow moi-e rapidly than the others, so that the neck very

early shows a decided curvature backward, the amount of curvature depending largely

upon the degree of inclination of the first formed wall. Each of the four cells next di-

vides by a transverse wall and later by a series of walls parallel to the first (PI. 5, fig. 2).

The first of these walls seems to appear somewhat earlier in the two anterior cells, the

two rows of neck-cells developed from these containing, usually, about two more cells

than are fountl in the other two, there being ordinarily six or seven in the anterior, four

or five in the posterior rows.

Each neck-cell in the mature archegonium has a distinct nucleus lying close to the

wall, the latter being lined with a thin laj^er of very finely granular jjrotoplasm in which

are embedded a few larger granules, some of which show a faint greenish color. Witli

this exception the contents of the cells are perfectly colorless (I'l. 5, figs. G, 7).
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"While the neck-cells are growhig, the central cell of the young archegonium is also

undergoing changes. The wall by which it was separated fi-om the primary neck-cell

becomes moi-e decidedly convex and pointed, pushing up between the four rows of neck-

cells. About the time that the first transverse septa are formed in the neck-cells, the

upper pointed part of the central cell becomes cut off by a septum which is concave up-

ward, from the main part of the cell (PI. 5, fig. 2). The upper cell becomes the canal-

cell of the neck; the lower, the central cell, from which finally the germ-cell is formed.

Although a very lai'ge number of archegonia in all stages of development were exam-

ined, no trace of any further division of either central cell or canal-cell could be detected

beyond the presence in the latter of several nuclei, it appearing probable that in this case,

at least, the so-called ventral canal-cell of Janczewski does not exist.

In its earlier stages the canal-cell is sometimes quite conspicuous, but as it becomes

older its outlines are not so definite. The protoplasm is colorless and densely granular,

and frequently several nuclei can be detected but no division-walls, except the first one

by which it is shut oft' from the centi'al cell. It continues to elongate as the neck of the

archegonium grows, reaching as far as the base of the upper cells. "When the arche-

gonium is ripe, the wall separating the canal-cell from the central cell becomes muci-

laginous, and probably also the iinier layers of the walls of the neck-cells, in a manner

analogous to that described in the case of the antheridium. If now water is applied, the

walls of the cells dissolve and the space occupied by the neck-cell becomes filled Avith a

colorless mucilage derived from the disintegrated cell-walls, together with the protoplasm

of the cell. This change is accompanied by active movements of the contents of the canal,

the movements l^eing very marked and lasting for about a minute. This was observed oidy

in a single instance, but from the resemblance to what takes place in the antheridium, is

probably the noi-mal process. After the movements had ceased it was seen that the more

solid portions of the contents of the neck had collected in a row of two or three pi-etty

distinct masses, the lower one of which was somewhat rounded, corresponding in ap-

pearance with Sach's figure of the central canal-cell (PL 5, fig. 6). It is possible that

this, which is undoubtedly only part of the contents of the canal-cell, may from its ap-

pearance have been considered as a separate cell. There is not always, however, this sep-

aration of the granular part of the contents, but in many cases the contents appear the

same throughout.

Probably at the same time that the change described in the neck-cells takes place, but

which could not be determined Avith absolute certainty, the contents of the central cell,

which have hitherto been uniform, undergo a change. The protoplasm contracts into a

sp)herical mass which does not completely fill the central cell; this is the germ-cell or

oosphere. It contains a large central nucleus and in favorable cases a transparent area

can be detected lying on the side nearest the neck, this being the receptive spot ; the rest

of the protoplasm is colorless but densely granular. The central cell increases in size

but little from the time it is first formed; it is surrounded by a single layer of small cells

cut off from the adjacent cells of the prothallium including the basal cells of the arche-

gonium, which usually becomes divided into two nearly equal cells, but otherwise is im-

changed in appearance and easily identified. Thus the basal part of the archegonium is

completely embedded in the prothallium,- the neck alone projecting beyond the surface.
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The neck-cells of the ripe archegoniuin possess the same property of absorbing large

quantities of water that was observed in the parietal cells of the antheridium; and be-

coming much swollen the pressure exerted upon the contents of the canal is sufficient to

force apart the upper neck-cells, which finally divei-ge widely, allowing the contents of
the canal to escape, leaving a clear passage down to the germ-cell (PI. 5, fig. 7). This
process can be easily seen by allowing prothallia upon which there are mature archego-

nia to remain somewhat di-y for two or three days. Longitudinal sections of these be-

ing made and mounted in water Avill be certain to show some arehegonia ready to open,

and generally within a few minutes sufficient water will have been absorbed to force

open the neck and discharge its contents. For a satisfiictoi-y study of the development
of the archegonium, these longitudinal sections of the prothallium are necessary, arehe-

gonia in all stages of development being found in the older prothallia.

The upper cells of the archegonium separate slowly at first, this being accompanied

by a slight discharge of mucilage. As water continues to be absorbed by the neck-cells,

they become much swollen and the upper cells are toi'u apart, often with violence enough
to detach entirely some of the uppermost ones. At the same time, by the inward press-

ure, the remaining masses of mucilage are forced out, collecting in masses of some size

around the opening of the archegonium (PI. .5, fig. 7). Besides the granular masses

which are mainly composed of the protoplasm of the neck-cell, there is a quantity of vis-

cid, perfectly colorless and transparent matter, whose presence is made evident by the

behavior of the antherozoids that come in contact with it. The antherozoids collect in

greater or less numbei's about the month of the open archegonium, their movements be-

ing retarded by the mucilaginous matter expelled from the nock, but by far the greater

number are not detained by the mucilage, or only temporaril}^; and of those held, only

a very small jjart ever enter the archegonium. When an antherozoid comes within the

immediate vicinity of tlie archegoniiun, its movements are very much checked, there be-

ing evidently some substance present that interferes with the free movements of the cilia.

One may frequently be seen to come to a sudden stop, and after vigoi'ous efforts to free

itself, swim away with undiminished vigor. The canal of the archegonium appears to

be filled with the same substance, for although nothing is visible the movements of the

antherozoids are so much checked that in nearly every case oliserved, they failed to

penetrate to the germ-cell, although making their way foi* some distance down the

neck. This necessitates the finlilization of the germ-cell by a fresh and active anthero-

zoid, as only such would have strength to make its way down to the germ-cell.

The entrance of the antherozoid into the neck of the archegonium was observed a

number of times, and in one case one was detected within the central cell. Before en-

tering the movements cease almost entirely for a few moments, and are then resumed,

the body being somewhat stretched and the movement slowly rotary; at the same time,

by a quick movement of the pointed end of the body, the vesicle is thrown off" (PI. 5,

fig. 9).

In the single case in which the antherozoid was observed Avithin the central cell, the

form of the antherozoid could not be clearly made out, though the movement of the cilia

was plainly seen for several minutes, when it ceased, and the antherozoid became lost to

view, presumably fusing witli the germ-cell, but its mode of entrance could not be made
MEMDIKS noSTON 8(>C. NAT. IIIS!'., VOI>. !\ . 1
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out. The neck-cells of the same archcgonium, examined twent3'-four hours later, showed
a decided broAvn color, which was not observed in unirapregnated ai-chegonia of the

same age, and the germ-cell had divided (PI. 5, fig. 10).

In making experiments in fertilization, a number of male prothallia, freed from earth,

were placed upon a slide, and with them longitudinal sections of female prothallia, some
of which are almost certain to contain ripe archegonia. If the prothallia have Ijcen kept

someAvhat dry for two or three days, especially in warm weather, both archegonia and
antlieridia will open very soon after they are ])laced in water. In this way freshly

opened archegonia and nimierous antherozoids were present upon the slide, and could

easily be observed, but although many trials Avei'e made, the antherozoids in the great

majority of cases fiiiled to enter the archegonium at all.

The prothallia are always strongly dioecious, the male prothallia never bearing arche-

gonia, and the female only in rare cases developing antheridia, and then only in small

numbers, and before the archegonia are mature.

Various experiments were made to find out what were the most favorable conditions

for growing the spores, and several were more or less successful. The eai'liest stages

can best be observed by placing the spores simply in water, as they are then free from
foreign matter; but they do not develop in a healthy manner if left in water, the pro-

thallium becoming very long and slender, the transverse septa being wanting, or only

developed at long intervals. Finding that some fern prothallia g^•e^y naturally on rotten

wood, spores that had germinated in water Avere transferred to this material and devel-

oped male prothallia, but no female ones. Probably further trials might have been more
successful. The best results Avere obtained by soAving the spores in fine earth in shal-

loAv earthen saucers Avhich Avei-e kept under glass to prevent too rapid evaporation. In

cold weather, they Avere exposed to direct sunlight, but in warm weather were kept pai'-

tially shaded. Care must be taken not to keep them too Avet, for if they are kept soak-

ing wet for a few days they are apt to decay, besides inducing a groAvth of algae, such

as Oscillaria, etc., Avhich sometimes interfere Avith the groAvth. In cultures that have

been kept for some months, it is almost impossible to prevent the groAvth of mosses,

Avhose protonema, unless kept down, sometimes interferes Avith the ferns; but if the pro-

thallia are Avell established, a little care in removing the mosses from time to time Avill be

sufficient. SeA'^ere freezing failed to kill the prothallia, provided care Avas taken to thaw

them out gradually.

Attempts to groAV the prothallia in porous pottery met with indifferent success.

All of the prothallia, from which the foregoing observations Avere made, Avere groAvn

artificially, none having been met with growing naturally.

Section III. The Embryo.

The first division of the germ-cell is completed within tAventy-four hours after fertil-

ization and is effected by a wall (the basal Avail) Avhich is slightly inclined to the surface

of the prothallium and perpendicular to its longer axis. The basal Avail ma^'be inclined

either toAvard the front or back of the prothallium and divides the embryo into tAA^o cells,

the epibasal lying in front, and the hypobasal behind (PL 5, fig. 15). Each of these

cells is next divided by a wall (the transverse Avall) perpendicular to the basal wall and
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]:)arallel to the surface of the prothallinm, so that the four-celled embryo, seen from
above, appears to have only two cells (PI. 5, figs. 11, 17). Each of the four cells is

next divided by a wall (the median wall) parallel to the long axis of the prothallinm, so

that the embryo now consists of eight cells arranged like the octants of a sphere.

Up to this point, as far as is known, the majority of ferns seem to agree, except as to

the relative time of the formation of the transverse and median walls, which appear in

different order in different species. As to the fuither history of the eight primary cells

of the embryo, there is considerable disagreement. After repeated examination of a

large number of specimens, the following conclusions have been reached with reference

to the fei'n nnder consideration.

If we examine again the eight-celled embryo, it is easily seen that each one of the cells

is nearly tetrahedi-al in fcjrm ; that is, the walls that bound the faces that are in contact

are approximately plane triangles, the outer wall a spherical triangle. Each of the eight

cells thus has tlieform characteristic of the ajjical cell of the mature stem and root. For
a short time these all grow in essentially the same way as the a])ical cells of these or-

gans, but this growth is checked in all but those two that finally assume the function

of these two cells.

Of the four cells first formed, the tAvo lying in front of the basal wall give rise to the

first leaf and the stem; those of the hypobasal half of the first root and foot (PI. 5,

fig. 11). Of the epibasal portion, the one next to the neck of the archegonium forms
the first leaf, the othei- the stem; of the hypobasal half, the lower (next the neck of the

archegonium) the first root, the upper the foot.

The first divisions are essentially the same in all the octants, though there is slight va-

riation in some cases. The first wall (PI. 5, fig. 14, 1) is usually parallel to the basal

wall, and is soon followed by a second, parallel to the transverse wall; sometimes this

order is reversed, but never, so far as could be made out, was the first wall in the octant

parallel to the median wall. Befoi-e any further segments are cut off from the primary

cells (octants), these first segments undergo further divisions. Each one is divided into

two cells by a tangential wall, an inner and an outer cell (fig. lo). Each octant now
consists of five cells, two inner and three outer, one of the latter being the primarj^ cell

which still retains its tetrahedral form. After a segment has divided into an inner and
an outer cell, the latter becomes divided into two by a radial wall, but beyond this the

succession of walls differs. Of these eight tetrahedral cells, four, one in each quadi-ant

of the embryo, soon lose their primitive form : indeed this sometimes occurs even before

the second set of segments is cut off" from the primary cells. This is brought about as

follows : In one of the primar}- cells of each quadrant, after the first or second divisions

have taken place, instead of new segments being cut off in the same way, a tangential

wall is formed, dividing the primary cell into an inner and an outer one. The outer one

is divided by radial walls ; and the inner, dividing by walls directed in various directions,

soon becomes indistinguishable. There are thus left remaining four of the primary cells,

as the apical cells of each quadrant. Of these, those of the stem and root remain un-

changed; that of the leaf undergoes some further changes, to be presently' described;

while that of the foot, after one or two more sets of segments have been cut off, is di-

vided by a tangential wall into an inner and outer cell, in the same way described in the

other pi'imary cells, and thus ceases to act as an apical cell.
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Although the apical cell of the first leaf is at first like that of the other quadrants,
tetrahedral, after about two sets of segments have been cut off, no more — or at any
rate, no more, as a rule— are cut off from the side parallel to the transverse Avall. The
succeeding segments ai-e formed alternately from the sides originally parallel to the basal
and median walls. By the obliteration of one of the original cells of the leaf-quadrant,

and by subsequent growth and consequent displacement of cells, the apical cell of the
leaf, as seen from above, occupies nearly the center of the leaf-quadrant (PI. 6, fig.

1). As a result of the formation of segments in two directions only, the apical cell

loses its original tetrahedral form, and approximates the wedge-shaped apical cell of the
later leaves. Some time before the embryo is ready to break throngh the enveloping tis-

sue, a further change takes place in the apical cell of the leaf. It niidergoes division,

each half assuming the form of the original, and becoming the apical cell of one divis-

ion of the strongly two-lobed leaf (PI. 6, fig. 3). The division takes place as fol-

lows. The apical cell is divided into two equal parts by a vertical wall. Eacli of the

resulting cells is next divided by a cni-ved wall running from the outer margin of the cell

to the wall that belonged to the original cell. There are thus formed four cells, the two
central ones being elongated, the others nearly triangular in outline. The former be-
come divided by a transverse wall into an inner and outer cell; the two latter by walls

alternately i-ight and left: being, in fact, the apical cells of the lobes of the leaf.

The young leaf grows much more rapidly than the stem, and soon projects beyond it.

The multiplication of the cells being greater on the lower side, the leaf begins to cnrve
upward. The cells of the leaf-stalk now elongate rapidly, and after the embryo has
broken through the ovei-lying tissue of the prothallium, the leaf pushes up between the
lobes of the prothallium, appearing above its surface (PI. 6, fig. 5).

The apical cell of the stem divides much more slowly, and follows nearly the same plan
at first. The segments later divide somewhat diflerently, the first division wall of the
segment being a radial one, and dividing the segment into two nearly equal cells. The
stem is very short at the time the embryo breaks through the prothallium, but the apex
is more decidedly conical than is the case in the mature plant.

The apical cell of the foot soon becomes obliterated by a process entirely similar to

that already described, but the cells continue to multiply rapidly with no i-egular order.

By means of the foot, which when complete is lai-ge and rounded in shape, the embryo
is kept in close connection with the prothallium, and by means of it the embryo is nour-
ished until the first leaf and root are developed.

After the first segments are cut off in the apical cell of the root, it usually continues
to act for some time like that of the stem, the first wall of the segment being radial instead

of tangential. Of the subsequent divisions, the tangential are much more numerous than
the radial. After a varying number of segments have been cut ofi" as described, a wall

is formed in the apical cell parallel to its outer surf\ice; this is the first cell of the root-

cap. This cell becomes divided by a vertical Avail into two, and next by a wall at right

angles to the fii-st, into four. Others are formed later, but only in two planes, there be-

ing no tangential walls formed (PL 5, fig. 16, PI. 6, figs. 2, 4). From this time on,

each cycle of segments in the apical cell consists of four cells. The development of
the root varies greatly at the time the embryo breaks through the prothallium. In the

mnjority of cases examined (fig. 2) the root was much shorter than is usually figured
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in other ferns at the same stage, and this corresponds with the comi^aratively late appear-
ance of the first cap-cell ; but it was not uncommon to find specimens, in which the root

has attained considerable size at this time, and indeed is the first part to break through
the prothallium. The root-cap in such cases is composed of several strata, and the first

cap-cell must have been formed much eai-lier.

Shortly before the embryo breaks through the prothallium, the first traces of the pri-

mary fibro-vascular bundles are formed (PI. 6, fig. 2). In the central row of cells, in

each of the four members of the embryo, is formed almost simultaneously, a series of

longitudinal walls, by which there is formed a central bundle of narrow cells, the pro-

cambium of the bundles; hence the primary fibro-vascular bundles must be regarded as

distinct, and entirely independent of each other. Of these four bundles, that of the foot

is short, and ends blindly within that organ, but the others continue to lengthen with the

growth of the organ to which they belong, and shortly after the breaking through of

the embryo, the permanent elements of the bundle begin to develop. The stem grows
slowly, but the leaf and root with great rapidity; the former, even before the emergence
of the embryo, being evidently two-lobed. The apical cells of these lobes also undergo
bipartition, so that all the divisions of the primary frond are the result of strict dichot-

omy. Small glandular hairs appear upon the young leaf, and root-hairs from the surface

cells of the root, even before any definite ejjidermis can be detected. The root rapidly

grows downward, the first leaf enlarges and the prothallium, which had hitherto nour-

ished it, withers away and disappears leaving the yonng j'lant firmly fastened to the

ground.

The primary bundles are arranged like a cross, two of the arms being longer. The
longer arras are the bundles of the leaf and root. The first tracheary tissue begins to form

about the time that the embryo breaks through the prothallium. Faint thickenings

make their appearance on the walls of certain of the procambium cells which soon as-

sume the form of scalariform tracheids. The pits are shorter than in the later tracheids,

and there are usually two or three rows. There are no true vessels, the tracheary tissue

consisting throughout of single cells or tracheids.

As the leaf-stalk lengthens, its primary ti-acheids continue to form through the center

of the bundle, and around them other spiral ones are developed, growth proceeding from

the center toward the circumference of the bundle. The other elements of the bundle

follow, but are never perfectly difierentiated, consisting simplyof elongated, narrow cells

with thin walls and colorless contents. These do not taper at the ends but are abruptly

truncate, the septa being more or less oblique. The same form of bundle is found in all

the earlier leaves, none but spiral tracheids being found in them. The later ti'acheids

are broader than the primary ones and the spirals not so close together. Although there

is no distinct bundle-sheath, the bundles are pretty well defined on account of the

large size of the cells of the surrounding parenchyma, which are verydift'erent from the

narrow cambiform outer cells of the bundle.

As might be expected, the veining of the leaf is dichotomous. The bundle in the stalk

forks at the base of the lamina, sending a branch to each lobe; these branches fork, and

their divisions also; the last veins thus formed may or may not divide once more.

In the first root, the primary tracheids are central, as in the leaf, and the development
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proceeds ouhvard. The tracheids are all short and pointed, forming a cylinder which

constitutes the greater part of the bundle. They are marked with transversely elon-

gated pits, or with shorter ones placed in two or three rows. The remainder of the

bundle consists of one or two layers of narrow cells surrounding the tracheary tissue,

their cells having more or less oblique transverse septa. The ground tissue of the root

consists of about four layers of large parenchymatous cells, about three times longer

than broad. In those nearest the base of the root, chlorophyll is present, but it is wanting

in the subterranean parts. The cells of the outer layer differ but little in form from

those of the ground tissue, except in being narrower, but their walls soon become brown
and thickened, and, finally, the contents disappear, leaving them dry and scaly. From
the outer surface of the cells abundant root-hairs are formed.

The second root, like all the subsequent ones, is endogenous in its formation. The
apical cell is formed in the tissue at the base of the second frond near the point at which

the bundle of the leaf connects with that of the stem. As the root grows, its central

cells become divided by longitudinal walls into a cylindrical mass of cells, the procam-

bium of its fibro-vascular bundles, its growth beginning with the cells that lie in contact

with the bundle of the stem. The formation of the second root begins while the second

frond is still young and before it is unrolled. The root breaks through the base of the

leaf about the time that the frond unrolls. The tip of the root contains enough chloro-

phyll in very fine granules to give it a decided green coloi" this, however, not extending

for any great distance, the cells nearer the base being nearly colorless. The first devel-

opment of permanent tissue in the bundle takes place at two points instead 'of one. Two
rows of narrow spiral tracheids are formed simultaneously near the foci of the ellipti-

cal bundle, and the development of the tracheary tissue proceeds inward. The rest of

the bundle is composed of narrow elements similar to the corresponding tissue of the first

root.

The bundle of the young stem is solid instead of being a hollow cylinder as in the

mature plant. This is partly composed of scalariform tracheids Avhich are short and

pointed and rather broad. There are also spiral and reticnlate ones, especially in the

center of the bundle. The bundle anastomoses with the base of that of the first frond,

the traclieary tissue of the two bundles being in contact. The bundle runs toward the

second leaf into which it sends a branch, but tracheary tissue is developed in the stem-

bundle beyond the point of contact of the two bundles before any tracheary tissue is de-

veloped in the bundles of the leaf. As in the ease of the other bundles, no other tissue

than the tracheary is completely differentiated.

The procambium of the stem-bundle can be traced nearly to the apex of the conical

growing point which soon becomes so covered with the broad scales that it is often dif-

ficult to get at it.

The young plant grows rapidly. By the time that the third or fourth leaf is fully de-

veloped, the stem has assumed some size and the bundle running through it has become

sharply differentiated by the formation of a bundle-sheath Avhose cells assume a brown
color. 'New roots continue to form endogenously from the bases of the young fronds,

the formation beginning before the leaf is fully grown.

The new leaves arise from segments of the apical cell of the stem, and up to the fifth
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or sixth and probably until the stem reaches its pei'manent form, the apical cell under-
goes bifurcation so that at an early period they consist of two nearly equal lobes. Just
how far the subsequent branching of the leaf is due to dichotomy is difficult to deter-
mine, but probably in the later formed fronds of the young plant it does not continue
beyond the first division, the later divisions, as in the fronds of the mature plant, beino-

monopodial.

A cross-section of the stem of a plant with three leaves completely developed showed
that the stem-bundle was elliptical in outline. The center was occupied by a mass of
elongated parenchyma cells lying outside of which was a mass of short spiral or reticu-

late tracheids. ISText followed two or three layers of elongated cells much like those oc-

cupying the center of the bundle, and surrounding the whole a bundle-sheath formed of
naiv'ow cells with brown walls. From the stem-bundle the bundles going to the leaves

and roots branched ofi", their buudle-sheaths being continuous and the tracheary tissue

connected.

The stalks of the fii-st three leaves are provided with a single axial bundle; but in the

fourth, as in the mature leaf, there are two, one on each side of the deep groove in the

front of the stalk. These two bundles arc separate nearly or quite to the base, the stem-
bundle being deeply cleft at the point where they issue from it. They are nearly round
when seen in cross-section, the tracheary tissue being arranged in a band consisting some-
times of a single row of spiral ti'acheids, only four or five in luunber, the arrangement re-

calling that found in the older roots. The rest of the bundle is made up of elongated cells

with rather thick walls whi(;h appear to swell slightly in water. The whole is surrounded

by a sheath.

The number of roots exceeds that of the leaves, there being six fully developed roots

in a plant inwhich the fourth leaf was not fully grown, besides several that were not

fully developed.

Section IV. The Leaf.

The leaves arise from single segments of the apical cell of the stem. The first indica-

tion of the young leaf is the elevation of the surface of the segment, the apical cell of the

leaf being formed very early from one of the surface cells. A wall is foi-med in this cell

inclined to its outer wall so as to meet one of the lateral walls. This is probabh^ folloAved

by a second wall incliued to the first, and meeting it so as to include a wedge-shaped

cell, the apical cell of the leaf. From this time the growth of the leaf is dependent upon
the further development of this apical cell, Avhich divides by walls directed alternately

right and left into two series of segments. The early growth of the apical cell is rapid,

soon resulting in a flattened cone with a bi'oad base, the side in contact with the stem

being more flattened than the outer face, which grows more rapidly, so that the young
frond soon begins to bend inward over the end of the stem. This inequality becomes
more and more strongly marked as growth proceeds, finally causing the frond to be

closely coiled as is well known in all ferns.

The leaf-stalk develoj^JS at first much moi-e rapidly than the lamina, which remains very

small, pi'oportionately, until the latter part of the summer previous to its uufolding, when
it undergoes a great increase in size; the unfolding of the leaf being little more tliau an
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expansion of parts already formed, this process taking place with extreme rapidity in

strong contrast to the extraordinarily slow development of the earlier stages of the leaf.

The apical cell of the leaf (PI. 6, fig. 7) is wedge-shaped, diftering, therefore, in ap-

pearance as seen from dift'erent directions. The segments are formed hy walls par-

allel to the lateral faces. Each segment is first divided into two cells by a transverse

wall; the main fibro-vascular bnndles of the leaf being developed from the inner of the

two cells, the mesophyll, and the epidermis from the outer. The outer cell is next further

divided by a wall parallel to the primary wall, and these two cells by walls parallel to

their outer surfaces, these outer cells constituting the marginal epidermis. In the older

leaves these marginal cells, although increasing rapidly in breadth, undergo no fuilher

division, the rest of the epidermis arising from the cells lying within these by walls par-

allel to the surface of the leaf. In the very young leaf, before there is any dififerentiation

of stalk and blade, the growing point is thicker and the marginal cells early undei-go

division by walls parallel to the surface of the leaf.

Longitudinal walls are formed in the inner cells so as to transform them into a cylin-

drical mass of cells, those in the center being narrower and forming the procambium, the

others the young ground tissue and epidermis. In the blade, all of the structures devel-

oped from the central cells remain as the rachis, but in the petiole it is impossible to dis-

criminate between the ground tissue and epidermis developed from these cells and those

fi-om the outer ones of the segments. The cells of the procambium (PI. 6, fig. 7)

soon become easily recognizable by their greater length and more transparent contents.

In the lower part of the leaf two parts can be distinguished, separated bj' a mass of

shorter cells and these can be traced to the stem-bundle with which they are united, one

coming from each side of the foliar gap, or opening in the stem-bundle opposite the in-

sertion of the leaf.

The differentiation into petiole and blade is caused, by the lateral growth becoming

more strongly marked in the latter, the cells dividing ra])idly by walls perpendicular to

the siirface of the frond, this being very strongly marked in the older leaf.

As growth continues, the young ground-tissue of the petiole begins to show a divis-

ion into tAvo portions: the true fundamental tissue and the hy^Joderm. The cells form-

ing the latter are much narrower than those of the former and contain less chlorophyll,

so that they are easily distinguished from the parenchyma l3'ing beneath them at an early

stage. They have oblique end Avails, and increase ra})idly in length, the Avails also in-

creasing in thickness and finally becoming dark broAvn. When the hypodermal cells are

completed they form a sort of fibrous tissue. Outside of the hypodermal cells there is a

single layer of epidermal cells, diftering from them in their greater transverse diameter,

but Joeing shorter, resembling in shape more nearly the inner ground tissue cells. On
the older basal portion of the stipe, the epidermis, together Avith its aj)pendages, hairs

and scales, becomes dry and brown, forming with the hypoderma a sort of cortex pro-

tecting the inner soft parenchyma. No stomata are developed from the epidermis of the

petiole or rachis.

By the time that the ground tissue becomes recognizable as such, the formation of A'cr-

tical Avails in its cells ceases, the subsequent increase in the numlier of cells being caused

by transverse Avails only, resulting in the formation of regular vertical i-ows of cells. In
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the younger pai-ts of the petiole these cells are often much broader than long, owing- to

the rapid division. They contain fine grannlar protoplasm and distinct chlorophyll gran-
ules which are most abundant in the center of the cell, surrounding the large round nu-
cleus. The subsequent thickening of the petiole is brought about by the enlargement
of these cells which ultimately also increase very much in length. As the cells enlarge,

they lose the chlorophyll which seems to be gradually replaced by starch. Even when
colored with chlorophyll, the action of iodine caused the chlorophyll bodies to turn a

dark bluish color, while in the older cells, from which the chlorophyll has entirely dis-

appeared, the characteristic blue color is produced in the granules, which seem now to

have the whole of the chlorophyll replaced by starch, appearing, indeed, like ordinary

starch grains. A similar, apparent ti-ansformation of the chlorophyll bodies into starch

grains was observed in the jjrothallium.

The fibro-vascular bundles of the petiole are ribbon-like, the transverse section being

several times longer than broad. Before any markings are evident on the walls of the

tracheids, their position can be easily made out by the greater size and transjjarency of

the procambium cells from which they are to be formed. These cells form a band run-

ning through the center of the bundle, and curving at the ends (seen in transverse sec-

tion) . The first tracheids are formed at the points of curvature on the inner side of the

central band of cells. From these the formation continues, following the course of the

baud.. These first ones are short and marked reticulately with close coiled spirals. The
secondary tracheids are mainly scalariform. As already noticed the cross-section of the

bundle, is much longer than broad, the proportion being about ten to one. It is very

slightly curved and o]ily about half as broad in the middle as at the ends; the outer

end being the broader, and being also less obtuse. The bundle is surrounded bj^ a bun-

dle-sheath comjoosed of small cells Avhose walls are colored brown. This is more plainly

seen in the upper pait of the petiole where the bundles are somewhat smaller. AVlien

the petiole becomes dry the cells of the bundle-sheath split through the middle, so that

the bundle separates from the ground tissue. Lying inside of the bundle-sheath, and

surrounding the tracheary tissue, are from six to eight rows of cells in the lower part of

the jietiole, a somcAvhat smaller number in the bundle of the more slender upper portion.

These vary much in size, are of prismatic form Avith moderately thick colorless walls, and

no intercellular spaces. In the loAver part of the biuidle these are filled Avith starch but

in the upper parts are nearly destitute of gramdar contents. The central part of the

bundle is occupied by the tracheary tissue, mainly composed of the large secondary

scalariform ti'acheids. They are strongly angiilar, the Avails betAveen neighboring ones

being straight. The division walls are very sharply defined and in the older bundles

often assume a clear yellowish broAAii color. In the narroAver part of the bundle they

form a central band of varying Avidth, the tracheids also differing a good deal in diame-

ter: but in the enlarged ends of the section the band of tracheary tissue, instead of ter-

minating at the end, is bent on itself forming often a double band. This is more strongly

marked in the outer end than the inner. The space betAveen the tAvo bands of tracheids

at the ends of the bundle is filled Avith cells nuich like those that lie just outside them,

but in the larger end the}' are soincAvhat smallei". In some jjlaces small cells lie between

tlie tracheids, which in tlie ])arts of the petiole that survives the winter become filled Avitli

JIICMOIKS UOSTON SOC. NAT. HIST., ^ t)L. 1\.
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starch. Among the tracheicls near the ends of the bundle, there may somethnes be de-

tected a group of smaller and more rounded ones,— the jirimary tracheids.

(PL 6, fig. 9. Inner end of a transverse section of the Imndle of the petiole: xy,

tracheary tissue; ^jA, phloem; sli, bundle-sheath. The band of trachcary tissue is not

as strongly curved as usual.)

The first leaf developed from the end of a stolon shows striking embryonic characters,

the whole leaf resembling in many respects the early ones of the germ-plant. The groove

in the front of the petiole is not so strongly mai-ked as in the later leaves, the petiole

being nearly cylindrical ; the hypoderm is reduced to form two to three rows of cells,

and these are not so well differentiated as in the later leaves. The fibro-vascular bundles

differ much, resembling almost exactly those of the third and fourth leaves of the germ-
plant, being oval in section instead of elongated, and the elements of the bundle are less

perfect than in the later leaves.

As is the case in the eai-ly leaves, the two bundles of the petiole in the mature leaves

of the plant unite in the rachis into a single bundle, by a straight band of tissue forming

so as to connect their inner edges. The bundle shows in its earlier stages four points

at which the foi'mation of tracheary tissue begins, corresponding to the same points in the

separate bundles lower down. A cross-section of such a bundle, especially when treated

with potash, shows clearly the position of the different elements of the bundle while

still incomplete. The central procambium cells, from which the tracheary tissue is to

form, become much clearer than the outer ones, and are seen to be, for the most part,

larger. The pi-imary tracheids appear almost simultaneously at the four points men-
tioned, and are easily recognized by their thickened Avails.

Following these a number of small tracheids are formed around the border of the cen-

tral mass of procambium, the development proceeding thence toward the center. As in

the bundles of the petiole, the bulk ofthe tissue lying between the tracheids and the bundle

sheath undei-goes little further change, the sieve tissue being even less perfectly devel-

oped than in those parts. The development of the pinnae begins with the formation of

segments by the apical cell of the leaf, after the blade becomes differentiated. Each seg-

ment gives rise to a pinna, which in turn becomes deeply pinnatifid. The formation of

the pinna begins by the marginal cells of the segment growing more rapidly than those

lying- within them, thus causing the outer parts of the segment to project. These mar-

ginal cells multiply rapidly by longitudinal walls which repeatedly bisect them. Frequentl}',

by one of the marginal cells in the middle of the young pinna becoming divided by an

oblique instead of vertical wall, a triangular marginal cell is foi-med which becomes the

apical cell of the pinna and divides in the same way as the apical cell of the leaf. On
account of the difference in age of the segments from which they arise the pinnae are

not opposite, but alteimate. Whether or not an apical cell is always formed in each pinna

is questionable; at any rate it cannot always be detected in the pinna when first formed.

Sooner or later it is obliterated, in the same way as that of the prothallinm, by a trans-

verse wall, which is followed b}' a second wall at right angles to the first, the two mar-

ginal cells thus formed acting from this time on in all respects like the others.

. In cases where an apical cell is formed in the pinna, the segment divides, as in the

apex of the frond, into two cells, an outer and an inner, the latter forming the midrib or
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secondary racbis, the former the mesopbyll and epidermis, as well as the veins. Each
outer cell, divides into two by a wall parallel to tlic primary wall, and these in turn divide

farther into an inner and outer cell, as was the case with the original segment (PI. G,

fig. 7). A single row of marginal cells is thus formed about each lol)e of the pinna,

which continues to undergo the same divisions. The lobes of the pinna arise from it in

precisely the same vVay that the pinnae are formed from the frond.

The cells lying immediately within the marginal cells divide by walls parallel to the

surface of the leaf, so that a flat mass of cells is formed of which the outer laj^ers are

prismatic, foi'ming the young epidermis, the inner ones polyhedral constituting' the meso-

pbyll. Up to this point the cells of the young lobes resemble each other, all containing

finely granular, colorless protoplasm and having a large nucleus.

The cells of the young secondary racbis divide also by walls parallel to the surface of

the leaf so as to separate them into a central cylinder, which is transformed by longitu-

dinal walls into the procambium of the bundle, and the overlying ground-tissue and epi-

dermis. The central cells of the young lobes become also divided by a series of longi-

tudinal walls into a mass of narrow procambium cells running nearly to the tip of the

lobe. The lateral veins are formed in acropetal succession, but do not begin to form until

tlie lobe has reached some size. If the lobe has a definite apical cell, each lateral vein

j)robably corresponds to each segment cut off from it; but when there is no apical cell,

as is much more frequently the; case, it is impossible to trace them back to a single cell.

They arise from rows of cells in the young mesopbyll extending from the midr'^o to the

margin. These cells become divided by longitudinal walls so as to form the procambium

of the young vein. The end of the midrib sometimes forks, so that there here remains a

trace of the dichotomous branching of the veins of the earliest leaves. Cases Avhere

several veins appear to arise by dichotomy are sometimes met with, but these are excep-

tional, and probably never occur in fully developed fronds.

The formation of the young epidermis, ground tissue and procambium, is completed

the year before the fronds unroll, and in the stalk the bundles develop a considerable

part of the tracheary tissue ; but it is not until the fronds begin to unfold that the differ-

ent tissues become fully developed : and after this begins the process is a very rapid one.

The 3-oung ejndermal cells increase very much laterally but with little increase in

deiith, so that they become tabular witli extremely irregular sinuous outlines (PI. 6,

figs. 10-14) . The mesopbyll, which is at first composed of polyhedral cells with no inter-

cellular spaces, becomes very loose by the formation of intercellular spaces arising from

the unequal growth, and separation of the cells. The fibro-vascular biindles develop

their different tissues now, stomata are found in the epidermis of the lower surface of the

frond, the frond becoming in the meantime completely uncoiled, and the leaf is complete.

The formation of a stoma is preceded by the cutting off of a preliminary cell (PI. 6,

fig.' 12), from which the mother-cell of the stoma is subsequently formed. This first wall

is V -shaped, or nearly semicircular, and is soon followed by a similar but smaller one

nearly parallel to it (fig. 10) . The cell cut off by this second wall is the mother-cell of

the stoma (fig. 10 y) . The protoplasm in tliis cell is more dense than in the surround-

ing cells, the nucleus is well-marked, but the chlorophyll-granules, which are very defi-

nite in the ordinary epidermal cells, are almost wanting, or at least, very poorly defined.
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A vertical section ol" the mother-cell at this time shows that it is somewhat elevated

above the surrounding cells, and is also somewhat deeper. The mother-cell i,s first di-

vided by a longitudinal wall, pai-allel to the axis of the lobe of the pinna, the nucleus

shoAving evident signs of division before any wall can be detected. By the time that the

division Avail is complete, the stoma has assumed nearly the oval form of its com])leted

condition, but the space between the guard-cells is wanting. This is formed by the di-

vision walls splitting through the middle. Vertical sections show that the air-space be-

neath the young stoma is small, but as the leaf grows, the space rapidl\' enlarges and

finally reaches considerable size. In the meantime, the walls around the opening of the

stoma become thickened, and the whole stoma enlarges. The chlorophyll-granules, which

ai'c indistinct in the young stoma, increase rapidly in size and number, and fill up nearly

the whole of the guard-cells. Those in the mature stoma are elongated-kidney-form,

but tli(* ends are only slightly rounded, so that the Avhole stoma is almost perfectly elHp-

tical in outline. The accessory cell, which at first had a smooth outline, acquires the sin-

uous outline of the other epidermal cells, and can only be distinguished from them by its

position.

There are produced from the surface cells of the young leaf gi-eat numbers of hairs.

In the youngest leaves they are mostly glandular, the terminal cell being much enlarged

and pear-shaped, and filled Avith a densely gramdar but colorless mucilaginous secretion

which is somcAvhat troublesome in the study of the young leaf. Such glandular hairs

can be traced up to Avithin a very short distance of the tip of the leaf, before any of the

tissues are clearly differentiated. On the older pai'ts of the leaf, A\dien the epidermal cells

have assumed their characteristic form, but before they are full groAvn, both simple and

glandular hairs are developed, but the latter differ from those just described in regard to

the contents of the terminal cell, the contents being dark broAvn and apparently resinous,

instead of colorless mucilage. AVhen the leaf is unfolding, but not fully groAvai, these

glandular hairs arc so numerous as to give a rusty appearance to the petiole and loAver

surface of the leaf.

Besides the hairs, there are formed upon the basal parts of the petiole of the J^oiing

leaves, and also upon the groAving point of the stem, large numbers of scales, whose first

formed cells elongate rapidly, no longitudinal Avails being formed in the extreme end ones,

so that the scale, AAdiich is broad at the base, tai^ers to a point consisting of a single cell,

or more commonly a row of two or three, Avhich become extraordinarily elongated. The

terminal cell develoi)s a gland filled Avith mucilage, but the growth of the scale contin-

ues long after the gland has been destroyed, and the cells sui^iiorting it dried up. The

scale grows at the base Avhich becomes broadly cordate, the cells there undergoing rapid

division. The upper cells gradually die and lose their contents, becoming dry and brown,

and finally the whole scale dries up, so that they form a thick broAvn chaff clothing the

bases of the jjetioles.

In the yoimg plant the leaves have the one-third arrangement, but in the older ones

they are so croAvded that it is somcAvhat difficult to make out their arrangement; but Avith

care it may be seen that it is the same as described by Ilofmeister for Aspidium Filix-

mas, A. spinulosiim, and Asplenium FiUx-foemina, the five-thirteenth arrangement.

That is, the an<2:le of divergence is fiA^e-thirteenths, and the fourteenth leaf stands aljoA'c
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the fii'Ht, etc. On examining a plant at the end of the season, it >yill be found that not

only are the leaves for the following year plainly e\adent, but also those of the j^ear af-

ter. In a small plant that had only unfolded four leaves the previous summer, there were

easily seen fourteen young leaves in various stages of development, and this simply by
draAving back the outside ones. The outermost ones have the broad base of the petiole

almost completely formed in the autmnn, the frond being vei^ small and closely coiled.

It generally happens that some of these outer ones do not develop the frond at all. The
inner ones rapidly become smaller, and it is not easy to tell just how many are to develop

the next season. Indeed it sometimes happens that if the first set of fronds is prema-

turely destroyed, others may develop later that ordinarily would not have done so until

the following season.

Each year there is found a circle of fronds which grow neai-ly upright, but the tips

bend slightly back, so that the group has the form of a deep vase, giving the jilant an

extremely elegant appearance. These fronds are all sterile and are ordinarily about one

metre in height, but may reach twice that, or even more. The frond is [)innate, the pin-

nae being deeply pinnatifid. It increases in breadth from the apex to a point below the

middle when it ])ecomes nai-rower tapering thence to the stipe, the lowest pinnae being

extremely reduced. The lobes of the pinnae are entire except in the first aerial leaves

that are produced by the stolons, in which the pinnae are not so crowded and the hjbes

broader in proportion and slightly dentate, recalling somewhat the earlier leaves of the

germ-plant. The lobes of the pinnae of the adult leaf are broadly lanceolate, the pinna

being cleft almost to its rachis, and each lobe is provided with a mid-rib, which usu-

ally forks at the apex and is provided on each side with from eight to ten simple veins

which extend to the margin. The hairs developed upon the young frond disappear, leav-

ing it almost completely glabrous.

Specimens brought into the house in April, after remaining stationary for about tAVO

Aveeks, began to unfold their leaves and, in measuring one Aveek after, it Avas found that

they had reached a height of sixteen inches, so that it can be readily seen that the com-
' plete unfolding of the leaf Avould take but a very few weeks.

The fertile fronds begin to imfold al)out two months later, but their groAvth is sloAver,

the dcA^elopment of si^orangia l^eginuing A'er}^ earl}^ and neAV ones foi-ming up to the time

that the leaf is full groAvn. The fertile fronds are A'er}^ much smaller than the sterile,

and groAV rigidly upright among them, from tAA'O to six being ordinarily produced by each

plant annually. They seldom groAv more than one-half meti'e in height, and the piimae

are very much contracted, probably on account of the great draft made upon the frond

from the excessive production of sporangia. When mature they are dark, almost 1)hick-

ish green in color, and the margins of the pinnae so strongly revolute as entirely to con-

ceal the sporangia. The segments are scarcely separated in the young frond, but there

are constrictions betAveen them so that the pinnae have a beaded appearance. Each seg-

ment (PL 7, fig. 28) has but five A'eins, a mid-A^ein and four lateral ones, none of AAdaich

run completely to the margin. The upper half of the lobs is composed of but one layer

of cells, acting as an indusium. A transverse section of the young pinna (PI. 7, fig. 10)

shows that not only is the margin strongly revolute, but that it is folded on itself once,

and sometimes twice. Unlike the sterile leaves which decay in the autumn, the fertile
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fronds, altliongli becoming brown and dry, remain standing through the winter, owing to

the stout and firm stalk. In these dried fronds the pinnae often flatten out, and their

segments become sejjarated so as to faciUtate the dispersion of the spores.

Sectiou V. The Stem.

The gro'Nving point of the stem is completely concealed by the young leaves w^hich

meet over it, and in addition to this tlie numerous glandular scales interfere seriously

with its study. Unless care is taken, it is an easy matter to confound one of the 3'oung

leaves with the apex of the stem, for when seen from the side, l)eing conical in form and

having a definite apical cell, the resemblance is quite marked. The apex of the stem it-

self (PI. 7, fig. 1), when a section passes directly through it, is seen to be miich broader

than the young leaves. On account of the dense contents of the cells, the primary

meristem is difficiilt to study unless some method of clearing the tissues is employed.

The ordinary potassium hydrate solution will usually' answer, neutralizing when neces-

sary with acetic acid.

The apical cell (fig. 1, «), whether seen from the side or from above, appears triangu-

lar, being, in fact, a tetrahedron. Segments are cut off fi'om the lateral fiices in regular

succession, the direction of the spiral being usually from left to right. Each segment is

first divided into two cells by a longitudinal wall at right angles to the lateral wall of

the apical cell. Each of these cells is next di'vdded by a transverse wall into an inner

and outer cell (fig. 1), and subsequently each outer cell is divided into two by a longi-

tudinal wall ])arallel to the lateral wall of the apical cell. Each oi-iginal segment is thus

divided into six cells, two inner and four outer ones. From the imier cells the plerome

cylinder is formed; from the outer the periblem and the dermatogen. This latter (figs.

1, 2, x) results from a series of walls formed in the outer cells parallel to their outer

walls.

The inner cells of the segments increase rapidl\', the divisions being mostly longitu-

dinal, so that the lateral growth of the segment is much greater than the longitudinal,

and the diameter of the stem is rapidly enlarged, so that the end has the form of a cone

'

with broad base and ol^tusely angular apex.

The outer cells are at first nari'ow, as seen from the side, being really tabular; later,

losing this by divisions perpendicular to the broader faces of the cells.

The mass of meristem, resulting from these divisions, is composed of small, polyhedral

cells of about equal transA'erse and longitudinal diameters, filled with densely granular

protoplasm and provided with a distinct nucleus. Very early, a careful examination shows

a distinction betAveen the cells developed from the inner cells of the segments and the

outer ones. The former are rather longer and their length somewhat greater in propor-

tion to their breadth. These inner cells, which form the plerome in the stem of the

mature plant, now become separated into two parts : an inner one which retains for some

time its original character and an outer layer whose cells become di^aded by a series of

longitudinal Avails into a mass of long, narrow procambium cells. This procambimn cyl-

inder is not continuous, but is interrupted at intervals corresponding to the position of

the leaves, by spaces in which the cells resemble those of the inner part of the plerome

cylinder. These are the foliar gaps, and through them the inner part of the plerome,
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which forms the medullary parenchyma of the stem, is joined to the periblem from which
the cortical parenchyma and hypoderm arise. The proeambium has thus the form of a

hollow c} Under, with openings at regular intervals, and, as the proeambium develops

into the elements of the complete bundle, the whole assumes the form of a C3dindrieul

net, apparentl}' formed by the union of separate bundles, but being stricth* a single

bundle.

Shortly after the proeambium begins to form, the central part of the plerome begins

to show the formation of the cavities that characterize the central parts of the stem. At
certain points the cells become longer and their contents less dense, so that the places

appear more transparent than the surrounding tissue. The cells cease to divide, or at

least do so more slowly than the surrounding ones. By the rapid growth of the sur-

rounding tissue and the consequent widening of the stem, certain of these cells are torn

apart, leaving intercellular sj)aces that become rapidly larger as the stem widens. These
spaces are bounded by loosely ari'anged cells whose free ends are rounded and with

nearly colorless contents containing a few definite granules and a distinct nucleus.

From these cells trichomes of different forms are develojied. These may be in the form

of simple hairs or scales of considerable size. Sometimes, but not very often, they may be

tipped with a jjear-shaped glandular cell, tilled with dense granular mucilage.

The mass of trichomes filling up the cavity now dries up, and the cells bordering them
have their walls somewhat thickened and changed to a brown color. Thus, there are

formed large air spaces distributed through the stem. Very often these communicate
with the spaces between the bases of the leaf-stalks and the stem, hy the destruction

of the intermediate tissue, brought about in the same way as the formation of the cavi-

ties themselves, the cavities thus being brought into communication with the external

air. The communication between the inner and outer cavities takes place through the

foliar gaps. Finally, the cells about the cavity acquire thicker walls, which are at first

yellow in color, but finally dark bro^\ai, forming an imperfect scIerenclBana.

The remainder of the medulla develops into a mass of parenchyma, densely filled with

starch. The walls gradually become thicker and develop simple pits.

The periblem, which has rather longer cells, separates into two portions, but not until

a later period. Its cells become longer and finally several of the outer layer become
still longer, their walls also becoming thicker and the contents less opaque. These con-

stitiite the hypoderm, and finally become very sharjily separated from the underlying-

cortical parenchyma. Their lateral walls are somewhat uneven, and all the walls swell

up more strongly on tiie application of potash than those of the parenchyma. The walls

of the hypodermal cells next assume a yellow color, which becomes later much darker

and the wall finally develops pits which extend to the intercelhdar lamella which is very

clearly defined and appears darker than the rest of the wall. This sclerenchyma,

although well-developed, does not attain as perfect a form as is found in some other

ferns.

The epidermis of the stem never reaches any degree of perfection, as only a very small

part of the surface of the stem is uncovered, and none of it in direct contact with the

air. Whatever epidernns there is soon dries up and l)ecomcs brown like that of the

root.
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Ou account of the foliar gaps, as well as the attachment of the Ijundles from the
leaves, roots and stolons, the separate parts of the stem-bundles are usually very irreg-
ular and run, for short distances only, in a vertical direction.

Tiie first permanent tissue to appear in the bundle is composed of small traeheids
near the foci of the bundle which is elliptical in section. Those at one focus, and these
appear rather earlier than at the other, are spiral or reticulate, although they are often
scarcely to be distinguished from the later scalariform ones. Those at the other focus
are not to be distinguished in appearance from the other traeheids, except that they are
smaller than most of them. In the completed bundle they are indistinguishable.
The large scalariform traeheids, making up the bnlk of the xylem, are larger than are

found elsewhere in the plant. The cells from which they are formed are broader than
those of the i-est of the procambium, but are not veiy long. Their ends are at first simply
oblirpie, but as growth continues, they become slightly curved, and each cell somewhat
spindle-shaped, and strongly prismatic from the pressure of the neighboring cells. In
the earlier stages, before any traces of the markings on the walls are distrngiiishable,
the cells contain abundant protoplasm, in which are embedded numerous coarse granules'
and a modei'ately large oval nucleus. Pi-evious to the formation of the scalarifonn mark-
ings, the contents become somewhat clearer, owing to a partial disappearance of the
granules. The markings first appear as faint transverse ridges on the walls that are in
contact with another tracheid, corresponding ridges appearing each side of the wall.
These soon become thick enough to show that they end at the angles where the traeheids
meet, and enclose long, narrow, transverse pits, or spaces where the wall is not thickened.
This process begins with the cells lying next the primaiy traeheids, but after the first

begin to form, the remainder of the xylem develops with great rapidity, and almost si-

multaneously. The ridges separating the pits soon begin to show an inequality in the
thickening. At points where they touch the division wall they increase but little in
breadth after they are first formed, but as they increase vertically in thickness, they also
increase in breadth, until at apointabout half-way up they reach a breadth of about twice
that at the base. From this point they narrow again, so that a transverse section of one
of these bars is nearly rhomboidal. In this way a pit is formed broader at the bottom
than at the top, or funnel-form, the broad end of the funnel being in contact with the
wall separating the tracheid from its neighbor.

The development of the sieve-tube begins shortly after that of the large scalariform
traeheids, and in some respects resembles it. The cells of the procambium, from which
the sieve-tubes originate, are uniform in diameter and have squarer ends than the young
traeheids, so that the separate elements of the sieve-tubes are more nearly cylindrical
than the traeheids. They occupy an irregular area at each end of the l)undle, and can
be best seen in a section passing through the major axis of the elliptical bundle. Their
contents are colorless and more finely granular than those from which the traeheids
arise, and the nucleus is not so readily seen. The sieve-discs are more abundant in the
lateral walls, and are developed almost simultaneously in all.

Faint, transverse ridges appear upon the lateral walls, much as in the young scalari-
form traeheids, but they are broader and not so close together, so that the spaces or pits

L'd l)y them arc larger. The bars are frequently somewliat oblique, so that they('ni-l(>se(



DEVELOPMENTT OF THE OSTRICH FERX. 41

anastomose to some extent, making the distribution of the pits or young sieve-discs

irregular. As they become older these thickened bands become more strongly marked,

but the thickenings are uniform, so that the sieve-discs do not present a bordered appear-

ance, although sometimes, owing apparently to a slight rounding of the outer surface

of the thickened ridges, the outline of the sieve-disc is not as clearly defined as when
the breadth of the band is absolutely uniform. Corresponding thickenings are formed

on the opposite sides of the wall, and probably fine pores are developed in the lateral

sieve-plates, but this could not be proved. In one case, an oblique wall, which separates

the ends of two neighboring tubes, and was very strongly inclined, shoAved several very

sharply defined pits, which appeared to penetrate the wall and thus to throw the cavities

of the adjoining tubes into communication. The complete tubes are seldom perfectly

straight, the lateral walls being curved, especially at points where the bundle is bent.

The remaining procambium undergoes little change, retaining the form of thin-walled

parenchyma occupying the spaces between the tracheids and outside of the sieve-tubes.

Two or three rows remain, forming a ring inside the bundle-sheath which ditters from

them mainly in the walls of its cells being brown, and the cells flattened laterally. As
the tracheids become old, their Avails often become yellow.

The complete rhizome is comparatively slender, being only about two centimetres in

diameter; but, on account of the persistent bases of the petioles, it appears much thicker,

often ten centimetres or more. These overlapping leaf-bases give it a bulb-like appear-

ance, as those of several years remain attached. The rhizome is either upright or in-

clined at the base, and may reach a length of twenty to thirty centimetres, or even more

in old plants. The oblanceolate leaf-bases are about four centimetres long by one cen-

timetre in breadth and one-half centimetre thick. They project above the j^oung leaves

and thus jM-otect them before they are ready to unfold.

With a little care, portions of the net-like, fibro-vascular cylinder of the stem can l)e

sepai-ated, as like the bimdles of the leaves, it is sharply ditterentiated and readily comes

away from the surrounding jjarench^ina. The bundles are firm and Avoody in texture

and the meshes of the net nearly rhombic, about one-half centimetre in length. From
the loAver angle of each mesh, tAvo bundles, one on each side, are sent to the leaf, there

being a leaf opposite each foliar gap.

LeloAV the leaf-bundles, or sometimes connected Avith them, the bundles of the roots

join the stem-bundle, there being usually in the older parts several roots at the base of

each leaf. There are no bundles running tln-ough the medulla.

Connected with the rhizome there are usually to be found numerous long and slender

stolons, Avhich under faA'oi'able circumstances appear above ground and develop a crown

of leaves.

They arise near the bases of the leaves, and in almost any plant numbers may be met
Avith ranging in size from one-half centimetre in length to tAventy or thirty centimetres

or more, and apparently remaining dormant for an indefinite period, as the number of un-

deATdoped ones fiir exceeds those wliich have groAAai to the surface of the ground. A
section through the base shoAvs a single axial bundle Avhich is connected Avith the bundle

of the rhizome close to the base of a leaf The stem of the stolon remains for a long-

time slender, and the narrow scale-leaves, Avhich shoAV no division into stalk and blade

MLMOIKS KOSrON SOC. NAT. HIST., VOL. IV.
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are remote from each other, being separated by about one-third of the circumference of

the stem, but owing to the fact that the stem is somcAvhat twisted, it is not easy to deter-

mine whetlier or not the fourtli leaf stands directly above the first. "Wlien quite small,

the stolons are crowded between the base of the leaf and the rhizome, so that they are

flattened, and the angle of divergence of the earliest leaves appears to be one-half.

The sui-face, both of the stem and scale-leaves, is smooth and of a dark, reddish brown
color. At the tip, the younger parts are greenish, chlorophyll ajDpai'ently being formed,

even Avhen the stolon is completely iinderground, and of course shut off from the influ-

ence of light.

The stolon, Avhen first formed, is very slender, but a short distance above its insertion

it suddenly enlarges, so that it assumes a club-shape. Up to this point no leaves have

been developed, and a section through the enlarged apex shows that this enlargement is

due in part to the formation of the first leaves. The apex is nearly flat and much broad-

ened on account of the inci'eased lateral growth. It consists of a mass of small cells

developed (i-om the apical cell, and these soon become separated into plerome and peri-

blem, the dcrmatogen not being readily made out in the xcry 3'oung stolon. The plerome

in the basal parts is a simple cylinder of uniform size, but just below the first leaves, it

widens suddenly, and divides later into two masses of procambium cells, separated by a

mass of shorter ones. This division of the plerome cylinder takes place about the time

that the first tracheary tissue is formed in the lower part of the stolon. . As the perma-

nent tissues develop in the bundle, this central mass of short cells forms the medullary

parenchyma which comnnmicates with the cortical parenchyma, b}^ the foliar ga])s, as in

the main rhizome. The separation of the medullary parenchyma from the pi'ocambium

begins before the bundle divides, thus occupying the center of the perfectly cylindrical

bundle, and sin-rounded by an uninterrupted mass of procambium, which ultimately forms

the hollow axial biuidle that traverses the stolon for a short distance from its base.

The apex of the older stolons is more conical, and the apical cell has the form of that

of the mature stem : — a tetrahedron with nearly equal latei'al faces from which segments

are cut off in the same way. The mass of meristem cells developed from them can soon

be separated, as in the younger stolon, into plerome andperiblem, the former soon shoAv-

ing the central shorter cells and the outer elongated procambimn cells, the procambium

cylinder being interru2)ted by masses of shorter cells like those of the medulla, and con-

necting the latter with the cell of the periblem. These spaces, the foliar gaps, become

later much elongated on account of the great length of the internodes, but there are biit

three of them in a single cycle, corresponding to the primitive one-third arrangement of

the leaves like that of the yoiuig germ plant, each leaf probably representing a segment

of the apical cell.

The first tissue to assiuiie the permanent foi'm is the cortical parenchyma Avhich in the

slow-groAving younger stolons can be traced up nearly to the apex. The cells are ii-reg-

ularly polyhedral in form, and distinct pits are early developed upon their walls. They
contain small starch grains in considerable quantities, but no other conspicuous contents.

!N^o definite h^qjoderm is formed in the young stolons, l)ut one or two layers of the outer

cells acquire, veiy early, dark brown Avails. The ground tissue is almost complete and its

cells full groAvn, before any permanent tissue is dcA'eloped in the fibro-vascular bundle.

The procambium cells are long and narroAv A\'ith oblique ends, and filled Avith granular.
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but colorless protoplasm. The first to be transformed into permanent tissue are situ-

ated nearl}' in the center of the axial bundle in the base of the stolon. A number of

the cells of the procambium develop narrow transverse pits upon their walls, thus form-

ing a mass of short scalariform traeheids, from which the formation of trachearj' tissue

proceeds, following lines nearly parallel with the circumference of the ]:)undle. Sometimes

a complete circle is formed, sometimes they extend hardly more than half-way round.

The secondary tracheids are broader, l)ut not very long, and often with the lateral walls

somewhat sinuous. Their walls develop jierfect scalariform martings.

In the two bundles found higher up, formed by the division of the plerome cylinder iuto

two unequal parts, much the same process takes place, the tracheary tissue beginning with

small scalariform tracheids near the center of the bundle, or sometimes toward one side,

and the sul)sequent ones are formed within, and also towards the sides.

In the earlier formed parts of the stolon the bundle undergoes little further change ex-

cept that a sheath is foruied about it, and it is dilUcult to say whether some of the cells

represent the parenchjana or sieve-tissue of the more perfect bundle of the main stem.

Just before the stolon appears above ground, the internodes become very much short-

er and the leaves, instead of being scale-like, assume the character of foliage leaves.

The young leaves are crowded together so that the end of the stolon is much thicker

than its subterranean portions. In the cases observed, there were usually two fronds de-

veloped above ground almost simultaneously, differing' so nmcli in appearance from the

later ones that, were their origin unlvuown, they would not be recognized as belonghig to

the same species as the mature fronds. Their pinnae arc much fcAver, and less crowded;

the lobes less deeply cut, and their margins somewiiat crenate; the whole frond looking

nuich like the earlier ones of the germ-plant. Sometimes these appear to l)e the only

leaves developed the first season, but in others later ones were formed, which, though small,

had all the characteristics of the pei'fect leaf. The plant is now, in everything but size,

complete, and soon becomes severed from the i)arent plant by the decay of the base of

the stohm, thus becoming independent.

In one case a young branch was observed upon a stolon that had recently appeared

above ground; this appeared to be developed, not as an adventitious bud, as in the case

of the stolons themselves, but in the same way as a leaf, seeming to have taken the })lace

of one of them. Its fibro-vascular bundle was continuous with that of the stem, which

was still imdeveloped, none of the i)ermanent tissues having yet appeared. The end of

this branch had developed the rudiments of two leaves and was in all respects like the

end of any stem. Both stem and leaves had already developed scales.

Section VI. The Root.

The roots are produced in abundance from and near the bases of the okler leaf-stalks.

Each jirimar}^ root develops numerous secondary ones that are ari-anged in tAvo i-anks

in opposite sides of the main one. In all but the youngest parts the root is co-s'ered with

a sort of dark browTi cortex, formed by the remains of the ex^idermis and the underlying-

cells.

The development of the main roots can best be seen on the earlier aerial leaves of a

stolon, as it is less difficult to make satisfactory sections than in the thicker mature stems.

They arise from the bundle-sheath of the stem-bundle before any permanent tissue is de-
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veloped, a sliort distance below the insertion of the leaf. Later ones arise from the broad

bases of the stipe, and such have their bundles connected Avith one of the leaf-bnndles.

The primary roots grow rapidly, soon breaking- through the overlying tissue; this taking-

place about the time that the tracheary tissue begins to form in the bundle with which

they are connected.

The growth of the root from the apical cell is best studied in roots from an actively

growing plant, that is, in spring or early summer. Such roots are light colored at their

growing points, and their longitudinal sections through the tip will usually show very

satisfactorily the formation of the tissues. As seen from the side, the ajjical cell (PI.

7, fig. 6, a) is nearly triangular in outline, and in large roots is of very large size and

easily seen. In smaller ones, where growth is slow, it is smaller and not so readily de-

tected, although its form is often more regular, as in actively growing roots, the gi'owth of

the younger segments cut oft' from it often causes the sides to be bent (fig. 6). The outer

wall, which is usually broader than the lateral ones, is slightly convex. If a series of

transverse sections is made near the end of the root, one of them may pass through the

apical cell, which viewed from above appears also triangular (fig. 7), but the sides are

unequal. This shows that the cell, like the apical cell of the stem, is tetrahedral in form,

the base being directed toward the apex of the root. The apical cell contains a large

globular nucleus and the protoplasm is granular but not sufiiciently so to render the cell

opaque, in which respect less ditficulty is experienced than in the other parts of the

jjlant.

The succession of the segments is very regular and can be traced Avith comjiaratively

little trouble. Each series consists of four cells, three from the lateral faces, which give

rise to the tissues of the root itself, and one from the outer face, the cap-cell, from which

the cells of the root-cap are formed. Each segment is at first a tabular cell, with the

broad faces triangular. In order to see the first di^-ision in each of the segments, trans-

verse sections through the young segments are necessary (PI. 7, fig. 7). If this is done

it will be found that each segment is first divided into two cells by a radial wall (sextant

wall). The sextant wall does not divide the segment into quite eqiuil parts, as its inner

edge is in contact with one of the lateral walls of the segment some distance above its

inner angle (fig. 8). Each of the two parts of the segment is next divided by a tan-

gential wall into two cells, an inner and an outer one (fig. 6). From the series of in-

ner cells the central fibi'O-vascidar bundle is derived; from the outer, the ground tissue

and cortex, each outer cell of the segment dividing- into two by a second tangential wall,

from the outer of which the cortex is formed, from the inner the ground-tissue. Almost

simultaneously Avith these divisions, others are formed parallel to the sextant Avails, but

for some time no walls are formed parallel to the Avail hy Avhich the segment Avas cut otf

from the apical cell, and consequently each segment remains in the form of a single layer

of cells, until about two full rows of segments have been cut off". As a result of the di-

AHsions of the segments being thus formed, the depth of the segments increases but little

as comjjared Avith the lateral groAvth, and the end of the root is nearly flat.

The mass of meristem arising from the division of the segments, becomes A'ery soon

differentiated into three concentric masses. The central one of plerome is cylindrical

forming idtimately the fibro-vascular bundle, and, as before stated, arises from the inner

cells of the segments. Its cells become rapidly transformed, by longitudinal Avails, into
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a mass of iiai-row cells, the procambium (PI. 7, fig. 6, z). Lying immediately aromid

the plerome cylinder is a layer several cells in thickness, whose cells are liroader than

those of the plerome and which can be traced back to the inner of the two cells,

formed by the second division of the semi-segments. Tliis is the periblem (fig. 6, y)
giving rise to a ground tissue. Outside is the third layer, or dermatogen, arising from

the outer cells of the segments and forming the epidermis and cortical parenchyma, or

such hyjioderma as may be present. The limits of these three primary tissue-masses can

be traced l)ack to the youngest segments, as thei-e is little disjjlacement of the original

cell walls through subsequent growth, this being also true in cross-sections (fig. 8), the

sextant walls being perceptible in sections made some distance from the apex, and in such

sections the successive divisions of the plerome cells can best be studied. Each of the

original jjlerome cells is first divided by a tangential wall into an inner and an outer cell,

the latter being again quickly divided by a radial wall. The inner cell seems to have the

same process repeated again, but beyond this the divisions do not appear to follow any

regular order. In the periblem, no definite oi-der could be detected in regard to the for-

mation of the division walls, but in the dermatogen cells of the seventh or eighth seg-

ment from the apical cell walls are formed almost simultaneousl3% at right angles to the

longer axis of the cells, so that the segment, seen from the surface, shows a double row
of cells of nearly equal size. As a result of this division, the cells of the dermatogen

ai'e shorter than those of either plerome or periblem.

All of the meristem cells have large nuclei and granular, but almost perfectly color-

less, contents, and usually sufficiently transparent to make their study an easy matter.

The first division in the cap-cell is nearly parallel to one of its lateral walls, and the

cell seen from above appears divided into two cells, one of which is triangular, the other

quadrilateral. The segment soon loses its triangular form, becoming nearly circular and

a second wall is formed perpendicidar to the first, thus dividing the segment into four

nearly equal cells, arranged like the quadrants of a circle. These subsequently become

further divided by both radial and tangential walls, but not by walls parallel to the outer

wall of the apical cell, so that they retain permanently the condition of single layers of

cells.

The wall ])y which the cap-cell is first separated from the apical cell is not perfectly

parallel to the outer Vail, but is somewhat flatter, so that seen at first the segments are

somewhat higher in the middle than at the sides. As it develops, the cells in the center

elongate more rapidly than those at the sides so that this inequality becomes more and

more marked as the segments become oldei', and the tip of the root finally becomes de-

cidedly conical, althongh the end of the root itself is nearly' flat.

In the rapidly growing root, only the outer cells of the root-cap are brown, l)ut in the

more slowly -growing ones, all l)ut those near the apical cell have their walls somewhat

thickened and brown, and the cell-contents dried up.

The diflerentiation of the parts of the fibro-vascular bundle from the plerome does not

begin until that of the ground tissue, hypoderma and epidermis is far advanced. At this

time, the plerome consists of a mass of narrow procambium cells, those toward the cir-

cmnference being somewhat shorter and with less oblique ends ; those of the central ones

being generally strongly oblique, so that the cells derived from them have sharply pointed

ends, fitting closely together with no intercellular spaces. The cells increase greatly
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botli in k'ligtli and breadth, reaoliing nearly their full size before they begin to show any

differentiation. The cells are filled with colorless protoplasm, almost destitute of gran-

nies, and with a large and distinct nucleus, especially in the outer ones. The procam-

Itinni cylinder is broader in one direction, so that the section is elliptical. The first

permanent tissue is formed near the foci of the elliptical bundle, there being formed

almost simultaneously at both foci a single row of narrow, spii-al tracheids. These are

long with pointed ends, fitting closely together. At first the spiral markings are very

fine and close, but with further growth they separate somewhat and also become thicker.

A long row of them is completed before any trace of other tracheary tissue is to be

found. jVi'ound these primary tracheids are next formed two or three rows of similar

ones, and from the formation of tracheary tissue proceeds toward the center of the

bundle.

An examination of the tissues of the complete root shoAV that the tissues are less fully

developed than in the aerial parts of the plant or the rhizome. The outer cells are dry

and l)roken, and from them are seen growing the remains of numerous root-hairs, which,

except in the younger ])arts, ai-e also dr}^ and bro^\m.

The lateral roots arise in strictly acropetal succession and are ai-i-anged in two rows

on op2:)osite sides of the larger roots. Their formation begins ])el()re the tissues of the

bundle of the main root are differentiated. Just before the primar}' tracheids ai-e formed

in the latter, the apical cell of the secondaiy root is formed from one of the cells of the

bundle-sheath. The exact method of the formation of the apical cell was not traced,

but it seemed to arise from the formation of three walls in one of the cells of the bundle-

sheath so placed, as to include, together with the outer Avail of the cell, a tetrahedral

cell. This at once begins to grow and divide in the same way as the apical cell of the

main root, and the young root breaks through the overlying tissues of the main root

about the time that the first scalariform tracheids of the latter are com])lete. Its tis-

sues develop in the same Avay as those of the main ]'oot,-and the tracheids in the lower

part are in direct contact with its primary tracheids. The major axis of the bundle of

the secondary root is at right angles to that of the main root.

The bundles of the secondary are joined to that of the main root, the secondary i-oot

being at right angles to the latter, a line jDassing through the center of the bundle being-

coincident Avith the plane traversing the major axis of the main bundle. The bundle-

sheaths are continuous and the tracheary tissue of the base of the secondary root ends

abruptly against that of the main root, the tracheids of the former being smaller than

the adjacent ones of the main root, and bent and flattened at the points of contact.

Owing to the distortion of these basal tracheids, the bundle is larger at the base than

elsewhere. The other elements of the bundle are also bent so as to connect the corre-

sponding ])arts of the two bundles. The structure of the lateral roots is essentiallj" the

same as that of the main root, but the section of tlu' l)undle is more nearly circular.

Section VII. The Sporangium.

The development of the sporangium begins while the fertile frond is still small, and

in order to procure the youngest stages most satisfactorily, it is necessary to begin with

them when the fronds are just beginning to unroll. The margins of the pinnae are so
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strong'ly revohite (PI. 7, fig". 10), that the whole lower surface of the lobes is com-
pletely covered, the margins acting as an indiisimn.

The young sorus (fig. 11) arises as a small prominence above a young vein, and is

formed by a rapid groAvth of cells at and just below the sui'face. This prominence soon

becomes hemispherical, and the formation of the sporangia begins. These arise as

j^a^jillae from the superficial cells of the receptacle and ai-e, therefore, morphologically,

trichomes.

All the cells of the young receptacle are colorless, filled Adth fine granular protoplasm,

and distinctly nucleated. The cell from which the sporangium is to arise (fig. 13, m)
soon becomes slightly convex, dividing then by a wall parallel to the siu'face into two
cells, an outer and an inner, the former (fig. 11) being the mother-cell of sj)orangium,

the other taking no further part in the formation of the sporangium. Sometimes, but

not usually, the oi'iginal cell appears to undergo a preliminary division before the mother-

cell of the sporangium is cut off. The mother-cell rapidly enlarges, assuming first a

hemispherical form, and then elongating so as to become rather pear-shaped. After

reaching this stage it is divided by a wall parallel to that by which the mother-cell was
foraied, into two cells, the lower of which forms the pedicel, the upper the cajjsule of the

sporangium (fig. 15). In the earlier sporangia the upper cell undei'goes several divi-

sions before any more are formed in the lowei- one, but in those formed later, the pedicel

lengthens rajiidly in order to bring the young sporangium on a level with those previously

formed, and it undergoes several di^asions very early, so that on examining an older so-

i"us, it is not at all uncommon to find very young sporangia in which the pedicel is many
times longer than Avould be the case in those of the same age taken from one of the

younger sori.

The fii'st diAasion in the capsule is nearly vertical, but usually slightly inclined, so that

the resulting cells are not quite of equal size (fig. IG). FolloAving this is a second

Avail inclined to the first at an angle of about 60", and next a third, parallel to the outer

Avail of the capsule, and meeting both of those already formed (figs. 16-19). If a sporan-

gium is now examined from aboA^e (fig. 19) , it will be seen that both edges of the first Avail

are in contact Avith the outer Avail of the capsule; that the second has one edge in contact

Avitli the first Avail, and one Avith the outer Avail of the capsule; while the third, Avhich is

nearly triangular in form, touches the Avail of the capsule Avith its ujiper edg'e only, the

other tAVO being in contact respectively Avith the first and second. Finally a fourth wall is

formed parallel to the uppei- surface of the cajjsule, but not touching its outer Avail at any

point, its three edges being in contact Avith the three walls just described (figs. 18-20).

The capsule noAV consists of fiA'e cells, four parietal ones, tabular in form, and a central

tetrahedral one, the arcJ/esjMrinm. By the time that the capsule has reached this stage,

the jaedicel has usually imdergone division by a longitudinal wall, into two unequal cells

(fig. 20) . The larger of these divides again by a second longitudinal Avall, and the three

cells thus formed become divided by a series of transA^erse Avails, so that the pedicel when
comjilete consists of three roAvs of cells. These are short at first, except in the later formed

sporangia, but finally become about four times as long as broad (figs. 21, 26).

The archespoi'ium now becomes divided by Avails parallel to the first Avails foi'uied in

it, and dcA^eloped in the same order (fig. 21). These are the primary tapetal cells, and,

Avhile they are forming', the })arietal cells undergo further divisions I)A' Avails ])eri)endicu-
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lar to the surface of the capsule, but directed in vai-ioiis directions (fig. 21). Walls are

never fonned in the parietal cells parallel to the surface of the capsule, so that the wall

of the complete sporangiiim is a single layer of cells.

The tai^ctal cells very soon become also divided by walls perpendicular to their bi'oader

faces (figs- 21, 22), so that at this stage the central cell of the archesporium is sur-

rounded by a double layer of cells. Somewhat later, about the time that the central cell

becomes di\'ided for the second time, the taj)etal cells become further di^'ided by walls

parallel to the outer walls of the central cell, so that thetapetumis now composed of two

laj'ers of cells (fig. 23). These walls are not always perfectly parallel to the outer wall

of the capsule, but frequently inclmed more or less.

Wliile these changes have been taldng place, the sjJOi'angium has mcreased greatly in

size, and become somewhat flattened laterally, this being much more strongly marked in

the later ones which often do not fully develop.

A surf^ice view of the young sporangium shows that the arrangement of the parietal

cells is not the same in all parts. A row of cells running around the longest arc of the

capsule has divided more rapidly by transverse Avails than any of the other cells, result-

ing in the formation of a row of transversely elongated cells running all round the cap-

sule (figs. 22, 24). As the sporangium increases in size these continue to divide in the

same way until there are between thirtj' and forty of them. These are the cells of the

annulns. The other parietal cells divide more slowly and by longitudinal as well as by

transverse walls.

About the time that the annulus can firstbe distinguished, and just before the tapetum

becomes two-layered, the innei* cell of the archesporium begins to divide to form the

spore mother-cells. The direction in which the first division takes place is not always

the same, being in some cases nearly vertical, in others horizontal, but in either case more

or less inclined (fig. 22) . Following this a second wall is formed, nearly at right angles

to the first, thus dividing each of the cells already formed into two (fig. 23). Almost

simultaneously the two layers of the tapetxnn are completed.

The central cells, almost from the first, are distinguished from the outer cells by their

more dense and highly refractive contents. They now undergo further division until the

complete number, twelve, of the spore mother-cells is attained. The latter ai'e colorless,

but contain numerous fine granules, and each has a large and pretty evident nucleus.

As soon as the full numbei" is complete, the walls of the tapetal cells are absorbed and

the mass of mother-cells, Avhich are still connected, floats freely in the cavity of the spo-

rangium which it does not nearly fill (fig. 24) . The annulus has acquired nearly its full

number of cells, and the whole sporangium its complete form, though still consider-

ably smaller than when mature.

The spore mother-cells now become sepai-ate by the partial dissolution of their walls,

and becoming rounded otf float about in the cavity of the sporangium which they nearly

fill, having increased very considerably in size after separating. Each spore mother-

cell is at this stage globular, with a large, but not usually very distinct nucleus which

is sometimes central in position, sometimes eccentrically placed. The protoplasm is

somewhat less granular than before, areas of considerable size being frequently quite

free from granules.

The first trace of divisiou in tlie niotlier-cells is a cliange in the nucleus. This be-
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comes lai'ger and elongated and eoarsely granular in appearance. In some cases ol)-

seryed at tliis stage, the nnclens was extraordinarily distinct. The nucleus increases

greatly in size, but becomes much less distinct (fig. 25), and careful observation shows
the tbrmation of tlie nuclear s])in(lle, but no satisfactory view of the nuclear disc couhl

be obtained, although usually there was an evident line separating the two paits of tlu'

mother-cell, which at this stage has increased slightly in size and become somewhat oval

in form. The two secondary nuclei are formed at the poles of the' luiclear spindle and
become, when complete, much like the primary nucleus. They very soon divide again,

pi'obably in the same way as the i)rimary nucleus, resulting in the four nuclei of the

young sjjores. Although thei'e is a dividing line between the two masses of ])roto])lasm

into which the mother-cell first divides, no cell wall seems to be formed; Init after the

secoud division is complete, the young spores Ijccome separated by walls. The plam-s

of division of the nuclei are at right angles, so that of the four resulting sporc^s, two
lie in one plane and two in another. After division is completed, the spores liegin to

lose the granular appearance they hitherto exhibited and become more transparent,

lliey now separate, l)ut remain sufficiently united to sliow which belong togetliei'

and have become almost destitute of graiuilar contents. They ai-e kidney-sha])ed,

slightly flattened on one side, but ajipear oval if seen from above. Each is ])rovidi'd

Avith a very distinct nucleus, eml)edded in the protoplasm near the wall on the flattened

side. The sjjores rapidly increase in size until they are about twice as large as when
first formed, this increase being probably due to the using up of the matci'ial derived

from the tajjctal cells. Each spore has a distinct wall which is early [)artially diflei-en-

tiated into an inner and outer wall. A third coat, brown in color (the exosj)ore), Anally

appears and attains considerable thiclaiess. It becomes provided with a series of i-idges

or folds (fig. 27), l)ut e\en when young is easily separated from the spoi'e 1)\' slight

friction. Before the exospore is formed, very fine granules are seen to ajj]x'ai-, most

abundantly in the vicinity of the nucleus. These rapidly enlarge and are seen to undt'r-

go division. About the time that the exospore begins to develo[), some of them become
tinged with chloro])Iiyll. and c<mtinuing to form rapidly, the spore soon becomes densely

crowded with them, so as almost to c(mceal the nucleus and i-ender the wiiole spore

almost i)erfectly ojjaque and dark green. The nucleus changes its position, moving
toward the center of the s]jore, the exospoi'c reaches its full thickness, and the spore is

complete.

AVhile the spores have been developing, during Avhich time they have grown so as to

fill the sporangimn completely, the parietal cells of the sporangium have also undei-gone

marked changes. The cells of the annulus, which at first were distinguished fi-om the

other cells simply liy their form, begin to project above the level of the others and tlieir

division walls become thicker. At this stage (fig. 24) all the ])arietal cells are trans-

parent and colorless, and are distinctly nucleated. The cells of the anmilus on one side

of the s])orangium are rather more elongated transversely than the others, tliese being

very much more strongly marked in four, or sometimes only three, near tlie base of the

capsule, forming the stomium, or point at which the capsule ojiens. The division walls

are also tliicker in the cells of this sirnctnrc wliicli is specially well dexcloped in ihe fei'ii

nndi'r consideration.
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Aboxit the time that the spoivs are fully ii'i-owii, hiit Iicrnre the exospore i.s completed,

the walls of tile ])arii'tal cells l)t'g"ia to assunir a hrowii tinge, this beginning with the

cells of the annulus, whose division walls show it first. The coloi- is at first pale yellow-

ish, lint the Avails darken I'apidly, until when mature they are a dark, ahnost ])ei'fectly

opaque brown. The contents of the parietal ci'lls disappear, leaving them dry and l)rit-

tle, and when ri|)e, by tiie contraction of the celli* of the annulus, the caijsnle is bui'st. the

o])eniug taking' place at tlu' stominm and the spores are discharged.

Each sorns develops a small indusium (fig. 12, in), which is nearly semicircidar and

attached by its lower margin to the base of the receptacle, separating the soi-i. Tt never

attains much size and eai'ly withers away, its place being taken by the rev(tlute margin

III" ilu' leaf, this ])eing thin and membranaceous, consisting for nearly half its width of

a single layer of cells, which finally become di'v and scarious, comjiletely covering the

sori (figs. 10, 28).

I'here are five sori developed upon each pinna-lobe of the fertile frond. They are at

lirst sessile (fig. 11), but soon are elevated upon a pedicel, from whose centi-al cells a

shoi't Hbro-vascidai- bundle is formed connected with the vein above which the sorus

arises (fig. 12). When comidete they ai'c so large that they toitch one another, so that

the whole lower sui-face of the leaf a]i]iears to be covered Avith s])orangia.
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Fig. 7. End of a young leaf, seen in optical longitudinal section, X 245. a, apical coll; ep, young epidermis;

me, mesopliyll
; fi, flbro-vascnlar bundle of the rachis.

" 8. Transverse section of the complete bundle of the secondary rachis, X 125. sh, l)undle-sheath.

" 9. Transverse section of the end of the bundle of the base of the petiole, X 125.

Figs. 10-14. Successive stages in the development of the stomata, seen from above, X 500. 2, preliminary cell

;

y, mother-cell of the stoma.

Fig. 15. Apex of the stem of a mature plant, seen from above, X 150. a, apical cell; the six youngest segments

are numbered, beginning with the youngest.

PLATE 7.

Fig. 1. Longitudinal section through the apex of the stem of a mature plant, X 150. a, apical cell ; x, derniato-

gen
; y, periblem ; z, pleromc ; in, medullary parenchyma.

" 2. Longitudinal section through the apex of a young plant with three fully developed leaves, X 245. Let-

ters as in 1.

" 3. Surface view of the apex of a stem of about the same age, X 245.

" 4. Part of a sieve-tube from the stem bundle, X 500.

»< 5. A vertical section throngh the wall of a sieve-tube, X 500.

" 6. Vertical section through the apex of a strong root of a mature plant, X 245. a, apical cell; c, root-

cap; X, dermatogen; y, periblem; z, pleromc.

" 7. End view of the region of the apical cell of a medium sized root, X 245. The eight youngest seg-

ments are numbered.
" 8. Transverse section of the younger part of a root, X 125. The original sextant walls are indicated by

heavier lines.

Transverse action of the complete flbrovascnlar bundle of the root, X 125.

Cross-section of the pinna of a fertile frond, showing the revolute edges and the position of the sori, X
30.

Vertical section through a very young sorus, X 150.

" " " " somewhat older one showing the indusium (ui), X 60.

Mother cell of a sporangium {in), X 250.

Successive stages in the development of the sporangium, X 250. All in optical longitudinal section ex-

cept 19, which is seen from above. In all cases but 19 and 22 the plane of the annulus Can) coincides

with that of the paper.

Fig. 24. Young sporangium about the time of the absorption of the tapetum, X 200. Optical section. The re-

mains of the tapetal cells can be seen, and the mass of spore-mother-cells, sp.

" 25. Earlier stage in the division of the spores, X 375.

" 26. A full-grown sporangium, X 125. an, annulus; .si, stomium.
" 27. Ripe spores, X 2.50; a from above; 6, from the side.

" • 28. Two lobes from the pinna of a dead fertile frond, showing the position of the sori, X 10.

't



III. The Intkoductiox and Spread of Piehis kapae in North America,

1860-1886. With a Map (Plate 8).

By Samuel H. Scudder.

(Read May 4, 1887.)

J_T is well known that the different races of men have not always occupied the regions

which they now inhabit, bnfe that from the eailiest times one wave of migration has fol-

lowed another, in a manner that has proved very pei'plexing to the ethnologist attempt-

ing to follow them. That the lower animals also have had their migrations has been

frequently proved by the occurrence of their remains in regions where they are not now
found. Secular change of climate has been the great moving cause of most of the

migrations of which we have any knowledge, with the single exception of the influence

of man, and particularly of civilized man; he is everywhere upsetting the arrangements

of nature, directly or indirectly exterminating all forms which cannot endure his pres-

ence or withstand the baleful influences which follow in his train. To minister to his

wants, for instance, he brings into a new region a plant foreign to its soil that he may
have the fruit ready to his hand. Without the natural hindrances which prevent its

supremacy in its native home, it thrives so vigorously, if otherwise adapted to the place,

as to supplant the natural denizens of the soil; these are supporting numerous animals,

which in their turn suffer.

So it has doubtless been in all ages of the world, where by any of the multifarious

means which nature employs she has herself upset the balance she had established, by
bringing into a flora or a fauna some new element from without. Indeed, the history

of animal and plant life has been a story of colonization. Any one who has observed

the rapidity with which weeds spread over new countries, has read of the ral)bit nui-

sance in Australia or seen the sparrow nuisance in America, will comprehend what a

force colonization may have been. It was closely linked no doubt Avith the introduc-

tion of new types in past ages of the world.

The measurement of the sjjread of a newly introduced sjiecies has rarely been at-

tempted. Indeed, in the nature of things it could scarcely ever be made except under

circumstances which may fairlj' be deemed artifleiaj, i. e., in countries tolerabi}' well

settled with people intelligent enough to report accurately. Karcly, too, is the date of

MEMOIRS BOSTON SOC. NAT. HIST., VOL. IV. 8 (53)
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introduction known. Yet as this could be approximately determined for the Eiu'opean

cal)bage butterfly recently imported into this country, aud as by its ravages of a common
garden crop it would make itself known by the damage it did and so force itself upon

observation, it seemed a favorable opportunity to consider this question, which should

not be missed; it was believed indeed that the correct measure of its spread might have

some im[)ort for future investigation, and perhaps its lesson for him who would design-

edly introduce a new creature without regard to its relations to other animals.

As the insect has already crossed half the continent, the time has certainly ari'ived

to make the necessary inquiries. Every one now knows that it has come to stay and

little attention is given to its movements. Most of those who observed it on its first ad-

vent can still answer questions regarding its appearance by the aid of notes taken at the

time, which later might not be possible. Accordingly, last autumn, I issued a circular to

over six hundred persons in dificrent parts of the country with the inquiiy: " In what

year, to your personal knowledge, did Pieris rapae first appear in your vicinity?" and

asking also for any published data upon the matter. To this inquiry more than two

hundred replies were received and from them, from the notes I had previously made based

on special written inquiries in 18G9 and 1870, and from various publications, the follow-

ing account is drawn up.

The buttei-fiy was first noticed in Canada and the actual history of our knowledge of

its first appearance there is as follows:— Mr. Wm. Couper, a taxidermist and general

collector, addicted especially to Lcjiidoptera aud a good observer, living in Que-

bec, first captured a few specimens in 1860 in the immediate vicinity of that city;

he then looked u]50u the insect as a great rarity, and indigenous to Canada. In 1863 a

new collector appeared in Quebec, Mr. G. J. Bowles, Avho, capturing it aud finding no

such insect described in American works, applied to Mr. Couper, only to discover him

equally at a loss. Mr. Bowles then wi'ote to Mr. AVm. Saunders of London, Ontario, and

to myself, aud we both assured him that it was the European insect. Mr. Bowles' letter

to me bore date Dec. 23, 1863.^ In April and July 1864, these gentlemen read papers

before local societies, both of which were ])ublished in whole or in iiart;' from these
1863 . .

we leani that in 1863 the butterfly was very couuuou aud destructive in the neigh-

borhood of Quebec aud at Laval fifteen miles north, and had extended thirty miles to the

northwest along the north shore of the St. Lawrence, though they had not been noticed

beyond Point Levis on the south, nor taken at St. Anne's on the south shore of the St.

Lawrence, seventy miles down the river, "where a collector of Lepidoptera resided."

From what we know of the rapidity with Avhich a single pair may ])ropagate without

hindrance from parasites, we may conclude almost with certainty tliat it was introduced in

the early part of 1860, or at the earliest, at the veiy close of 1859. Owing, ai)parcutly, to

Mr. Bowles' paper ])ublished in the Canadian Xaturalist in 1864, in which he fixes the

period of its introduction to Quebec "at about seven or eight years ago," it has been

generally spoken of as introduced "in 1856 or 1857." But Mr. Bowles has allowed more

time than is necessary, and records do not go back of 1860,

' Specimens were also sent to W. II. Edwards in Dec. - For Jlr. Bowles' paper see Bibliography. Mr. C!oiiper's

18CL', but seem not to have been noticed by liim. appears to have been published only by extract in 1SG7 by

Mr. Kitchie, Can. Nul. n. s. 3 : 29.
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Following the report of Mr. Couper of its distriliutiou in 1863, we have at first but

scanty information concerning its spread in Canada. Capt. Gamble Geddes of Toronto

states that he first took it "about 1864, about ninety miles below Queljee; when I

brought it back and showed it to Professor Fowler, then connected with the ]!^at-

ural history society of Montreal, he assured me it was quite the first that had been

taken.'' This fixes the date of capture as before the publication (in Montreal) of Mr.

Bowles' papei- and indicates that in 1864, the insect had spread to Murray Bay, ninety

miles below Quebec on the north shore of the St. Lawrence.

In 1866 begins our first considerable knowledge of the spread of the butterfly, as it

has reached more populous districts. Mr. AVm. Saunders, on an excursion to the Sague-

nay (Can. Ent. 1, 11), found it at Cacouna opposite and a little above the mouth
of the river and at Ha Ha Bay at the head of steamboat navigation on the

Saguenay, as well as all the way to Chicoutimi, twelve miles further up the river; it was
not, however, found at Tadousac at the mouth of the Saguenay. We know by its sul)-

sequent record that it must have spread westward and especially southwai-d by 1866, and

it was indeed taken at Brome township within a dozen miles of the Vermont border by
the Eev. T. W. Fyles. Dr. G. Dimmock, writing later in the JS". E. Homestead (Vol. Ill,

!No. 46, Mar. 25, 1871), S]ieaks of it as found this year also in northern I^ew Hampshire
and Vei-mont, but without specification, and Dr. J. C. Merrill reports the capture of a

single specimen in the White Mountains (Proc. Bost. Soc. Nat. Hist., 11, 300) ; that it

must have invaded these two states this year is certain from the considerable numbers
found the year following. I have accordingly^ di-awn the curve of its distril)ution to in-

clude this northern area. Moreover it is certain that it had reached this latitude in

Maine, for there is a specimen in the Yale College Museum, ]^o. 1,745, Avhich was taken

by Prof S. I. Smith in IS^orway, Maine, in 1865, the earliest record of its capture in the

United States. Probably it had covered the larger part of Maine wherever in the wilder-

ness it could find a ])atch under cultivation for, writing from Garland in Penobscot Co.,

under date of Aug. 23, 1869, to the K. E. Farmer (X. S. HI, 506), Mr. II. C. Preble says

that he has "not been able to raise a respectable cabbage for some four or five years, on
account of the ravages of this species of voracious rascals." Even if we credit him with

some exaggeration from discouragement, we can hardly think the insect arrived there

later than 1866, the more jarobably as Professor Smith again helps us by jjreserving in

the Yale Museum two specimens caj^tured by him at Eastport, on July 4, 1866.

The following yeai-, 1867, marks a better known advance, for in May it reached Mon-
treal, according to Mr. Ritchie (Can. N'at. lu, 295) to the southwest, and extended on

the southeast even to Halifax, Nova Scotia, as Mr. J. M. Jones testifies in a paper (Proc.

N. S. Inst. Ill, 20) read three years later, a publication which has been entirely

overlooked, its introduction to this point being heretofore placed as in 1871, since

Mr. Jones later spoke of it as very abundant in the spring of that year (Can. Ent. iir,

37). In Maine it was observed at Lewiston f;ir toward the southern extremity of the

state, though resident entomologists elsewhere in the state did not discover it until the

following year. The late Mr. P. S. Sprague of Boston was one of those who found it at

Lewiston (Proc. Bost. Soc. Nat. Hist., xr, 300) and Mr. W. Dickinson of Worcester, the

other; the latter found it both this year and the next, but only in 1868 very destructive.
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JS'otvvithstanding the number of entomologists who annually visit the "White Mountains,

and the recorded capture by Mr. Merrill in 18G(j, supra, no one seems to have taken

the insect in New Hampshire in IS'iT; though with its spread to Ljwiston on one side

and its appearance in considerable numbers in Vermont on the other, there can be little

doubt that it was present, at least in the region north of the White Mountains and espe-

cially in the valley of the upper Connecticut. In Vermont, Dr. Merrill is our only au-

thority (Proc. Bost. Soc. Kat. Hist, xi, 300). In August of this year he found the

butterflies at Waterbui-y, Burlington and Stowe; in the first locality, on Aug. 29, they

Avere "^'very abundant." During this year, therefore, the insect had fairly established

itself in northern Vermont and New Hampshire, reached Montreal in its course up the

St. Lawrence and pushed its advance guard to the Atlantic Ocean at Halifax and nearly

to the Gulf of Maine at Portland.

In 1868, curious to say, our records are more meagre but in one respect very inter-

esting. It was only in this year and toward the end of it that it reached Waterville,

Me., to judge from the fact that it was first seen in the early spring of 1869 by a very

careful resident observer, the late Prof. C. E. Hamlin. The butterflies must have

come from wintering chrysalids near by. In New Hampshire and Vermont its

progress was steady ])ut not extensive. In New Hampshire it was taken this year by
Mr. M. C. Harriman at Warner near the Southei'n Ivearsarge, and was seen, according

to Dr. C. S. Minot (Am. Ent. ii, 75), near Lake Winnepesaukee. In Vermont it had

extended to about the same points, for it was common at Woodstock (F. R. Jewett)

and not uncommon in August in Sudbury (S. H. Seudder), while in all the track behind

it was abundant enough. Writing to me from St. Albans in 1869, Mr. N. C. Greene

said that in the previous autumn his 3O00 cabbages had from ten to fifty worms on a head;

he had not previously noticed them at all and thought they first came in 1868, whereas

they must have reached St. Albans early the year before that. In the valley of the St.

Lawrence thei-e is nothing, for a time, to gauge its movements, but writing in Sept., 1869,

Mr. A. S. Ritchie says that he has heard of its ravages as far west as Chateauguay, so

that it doubtless was to be found there in 1868. Nor can we say more concerning its

extension into the eastei-n provinces, though I am told by Mr. G. F. Matthew that it ap-

peared at St. John " within two or three years of its recorded advent at Quebec" and,

therefore, certainly not later than 1868. Indeed we have seen that it was just on the

border, at Eastport, in 1866, and Prof. L. W. Baile}^, writing in 1886, says it has been

at Fredericton "for at least twenty-five years," but he speaks only from recollection.

But the chief interest of the year 1868 lies in the fact that it was then independently

introduced into the country at New York. Rumor has it that a German entomologist

in Hoboken received some living pupae from Europe to raise for his cabinet, that they

emerged from the chrysalis in his absence and afterward escaped from an opened win-

dow. But however this may be, we know from several sources that it was to be found

about Hoboken and Hudson City, N. J., this year. Mr. John Hampson, a collector of

twenty-six years' experience, living in Newark, took a single specimen there this year in

May (J. B. Angelman). The late Mr. W. V. Andrews, sending me caterpillars in July,

1869, said it had "been known for a year or two," and the same writer says (Can. Ent.

II, 55) in Jan., 1870, "the increase of this insect during the last two years is marvellous."
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Indeed its abundance the next year at Bei'gen Hill, West Hoboken and Hudson City is

proof that the first specimens came tathe spot in 1868. The fact that 'New York City

does not draw upon the Lake Champlain region for its cabbages (as I am informed by
Mr. Lintner of Albany) and the subsequent evident spread of Pieris rapae from two
points prove this to have been in all probability an independent introduction into the

country. It is only surprising that it was so long delayed.

The spread of the butterfly from this new centre during 1869 does not appear to liave

been very great. That in scanty numbers it followed the track of the railway toward

Philadelphia is probable from the nature of things and from the fact that Mr.

J. P. li. Carney took a specimen that year within the present limits of Camden,
which he at the time supposed came across the ocean in a vessel, then unloading near by

;

yet Mr. Andrews wrote, under date of Aug. 26th in that year, that while "quite abundant

in the neighborhood of Bergen Hill and Hudson City, ten miles hence I could not find a

single specimen.'" It reached AVest Farms in the autumn of that year, where it was seen

by Mr. James Angus, but not taken; specimens were however taken the following April

fresh from the pupa. It was also reported as very common in 1869, in the parks and gar-

dens of ^ew York city, by several observers, though ]VIr. T. L. Mead, an enthusiastic lep-

idopterist at the time and a resident of the city, records the capture of a single siiecimen

on the Jersey side of the Hudson River (Can. Ent. ir, 36) as if its presence in the me-
tropolis were quite unknown to him. It seems jjrobable therefore that its occurrence in

the vicinity of IN^ew York Avas taken by outsiders for its presence in the city itself. Still

it may well have been present in spots not visited by Mr. Mead, and I myself found it

swarming about parks in the heart of the city in June, 1870. I can find no record of its

ap]3earance this year in Long Island. In 1869, then, with the exception of a straggler

toward Philadelphia, the butterfly is not known to have spi'ead more than ten or fifteen

miles in any direction from New York.

The northern horde of invaders in the meantime was steadily ])ushing southward ; how
far to the west is quite unknown, for there are no reports for 1869 from the St. Lawrence
valley, excejjt the one above referred to, of its ravages at Chateaugua}^. So too from

Vermont and New Hampshire, the only accounts are of its great abundance in the north-

ern portions and its appearance in eveiy quarter tliere, including the alpine regions of

the White Mountains. In Maine, moreover, it had everyAvhere reached the seacoast and

was found in numbers in all the inhabited portions. It was abundant at Bangor (Chase,

Riley) and reported fi'om Xorway (Smith), Mt. Desert Island, end of July (B. P. Mann),

Eastport (Smith), and Portland (Dimmock). It was indeed along the seacoast that it

pushed its Avay southward most rapidly, for in the spring of this year it reached Boston.

I saw my first specimen on Jul}' 17, on Boston Common, but other observers were ahead

of me. Mr. P. S. Sprague, for instance, saw it in the same spot April 26, and Mr. F. A.

Clapp on May 20; by the autumn they were not very uncommon. A single specimen was

also said to have been seen this year near Worcester, according to a paper read by Mr.

W. Dickinson before the Natural history association of that city (Worcester Spy, March

16, 1870), lint this is rendered exceedingly doubtful by subsequent reports. Probably

the nearest point at which the northern horde approached the southern was somewhere

on the Hiidson or Connecticut rivers not far above the latitude of 43** N.
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For although, as we hnve seen, it Avas ahiiiuhiiit at Sudl)ury in August, 1868, it was not

until the spring of 1870, to which year we now turn with some curiosity, that it was
recognized in the centre of Eastern Xew York, where two such entomologists

lived as Dr. Asa Fitch and Mr. J. A. Lintner. East Greenwich, where Dr. Fitch

resided, is almost halfway from Albany, Mr. Lintner's home, to Sudbury, Yt., yet in both

these ]S"ew York localities it appeared for the first recognized time in 1870, and then not

until midsinnmer. Under date of March 10, 1872, ]Mr. J. A. Lintner writes me in detail

regarding its ai)pearance this year: '^'I observed it here [Albany] for the first time on

July 24. Dr. Fitch i-e]:)orts it at his residence in East Greenwich, "Washington Co., tliirty-

two miles in a direct line E. of X. from Albany, on the 2d of August. On August (5, I

saw it quite numerous at Saratoga Springs, thirty miles north, and on the 8th at Glen,

Warren Co., sixty-five milesW. of jST. of Albany. During the month of July a large num-
bei- of the butterflies were seen at Crown Point and Westport on Lake Champlain, and at

the latter place [a short distance northwest of Sudbury, Yt.] the garden cabbages were

so utterly I'uined by the larvae that they were pulled u]^ and fed to cattle . . . Sept. 11,

I observed it alnindantly at Utiea, Oneida Co., ninety-five miles west by I'ail. Oct. 8, I

saw larvae but no butterflies at Cherry Yalley, Otsego Co., fiftj^ miles Avesterly. The lat-

ter part of July it was seen at Sharon Springs, forty-five miles west; while at Schoharie,

an intermediate point thirty miles west, I did not detect it until perhaps tAvo Aveeks later."

As it is not rei^orted from the eastern end of Lake Ontario for a year or tAvo, the butter-

fly probably reached Utica by the eastern rather than the Avestern side of the Adirondack
region and thus have spread more rapidly in a Avestern than in a southern direction from

the southern end of Lake Champlain. MoreoA^er, Mi-. H. B. Hawkins tells me, on the au-

thority of Mr. W. E. Yager, editor of the Oneonta Herald, that it appeared this same year

in Oneonta, Otsego Co., considerably to the south and east of LTtica. Along the Hud-
son, Mr. Lintner does not report it as extending farther south than Bath (Ent. Contr. ii,

54) five miles beloAV Albany in September. There can be no doubt that it had this year

completely overrun Yei-mont and New Hampshire, though the only recoi'ds I have in

the southern portions are that the first specimens were taken by Mr. C. P. Whitney at

Milford, N^. H., on May 26 of this year, that it was abundant there by autumn, and taken

in numbers at Walpole, N. H., in Jupe (S. I. Smith). But it had foUoAved doAvn the

Connecticut valley much farther than this, for it Avas taken at Holyoke, Mass., by Mr. J.

E. Chase; and Dr. George Diramock reports (X. E. Homestead in, 'No. 40, Mar. 25, 1871)

that the first specimen was taken near Springfield in the early part of May on the Long-
meadoAV road; that it Avas abundant before autumn and that in July he took it in consid-

erable numbers as far south as Ncav Britain, Conn. The first noticed by Mr. E. Norton

at Farmington, Conn., were also seen this j^ear but "not often"; in the following year it

was quite common. It also became common this year at Walpole, Mass., seventeen miles

soutliAA'est of Boston (Miss C. Guild). It Avould appear therefore that, at the close of

1870, the southern limits of the northern host Avere at about the parallel of 42", 10-30'

Avith a considerable extension down the Connecticut A^allc}'.

Meanwhile the southern horde Avas extending its outposts. The entire extent of Long
Island was occupied this year, foi- Pi-of. S. I. Smith found the butterfly veiy common at

Fire Island Beach in August and Mr. B. H. Foster reports destruction at Babylon (Am.
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Ent. TI, 3-1:1). In further direction toward the northern l)and, Mr. Dimmock found '''a

few" at Bridgeport, Conn., in July, which may have belonged to the other group, but far

more proba]:)ly were the descendants of those that occupied West Farms the year before.

Dr. S. Lockwood tells me 'that it invaded Monmouth Co., !N^. Jersey, in 1870 and in Oc-
tober of this same year the editor of the American Entomologist saw it around fruit

stands in Philadelphia (Am. Ent. ii, 338) ; Mr. \V. D. Doan wi'ites me that it appeai-ed

in scanty numbers this year at Atglen, Chester Co., Penn., and Mr. Townend Grlover

in one of his Government Reports says that it appcai'ed even as far as Baltimore ^'an-

terior to 1870"; but this I think must be an error of memory. It ajipears then that the

southern horde did not this year quite reach the northern, but the two approached each

other so nearly as inevitably to mingle in 1871 ; that the northern had almost everywhere

reached the eastern seashore of ^cw England and the Canadian provinces, and on the

west had extended probably to Lake Ontario and nearly to central J^ew York. The
southern, on the other hand, had covered Long Island eastAvardly, and was pushing its

way also along the northern shore of the Sound, while its main army was directed south-

ward, had covered I^ew Jersey, and extended into eastern Pennsylvania.

In the next year, 1871, these two armies, having devastated the country with independ-

ent forces for fully three years, met and mingled, and then swept westward and south-

ward with increasing rapidity. They covered all the gi'ound which lay between

the outposts of the previous year, this being the year in which it was first seen in

Rhode Island, at Providence (H. L. Clark), and at Hunter, IST. Y. (AV. II. Edwards).

It also extended to some of the higher regions pi"eviously untouched but swept past,

such as "Williamstown, Mass. ("in force" S. Tenney), and became as usual excessively

common where it had only appeared scantily the year ]:)efore. Thei-e were even some
spots not invaded until 1872, and it would appear that the advance guard, which sAvept

down the rivers flowing southerly and along the seacoast, left the inland districts long

untouched. Thus it is reported as not seen in Stowe, Mass., at the close of 1871 (C. A.
Emery). Mr. Dickinson showed to the Natural history association of Worcester in 1872

several specimens that had been' found in a garden there, as if they were of special in-

terest as new comers (so that the rumoi- that one was taken there in 1869, .'^upra, must

be an error), and it is thought not to have appeared in Sherborn until 1872 (A. L.Bab-
cock). By that time it had probaljly overrun every nook and corner of New England.

Similar irregularities appeal- in all its subsequent movements westward.

Of its westward movement in 1871, we still have no information from northern New
York or noi-th of the boundaiy, and can only jiidge by subsequent notices that it must

have reached at least the extreme eastern end of Lake Ontai'io. It had certainly passed

the centre of New York, being found common at Ithaca this year (J. H. Comstock, L.

O. Howard), whei'e indeed it made its first appearance the preceding year according to

Mr. Howard, though Mr. A. C. Weeks thinks it did not occur in Tompkins Co. in 1870.

It was "troublesome" this j^ear or 1872 at Cazenovia (L. M. Underwood), while Mr.

Saunders states in his address to the Entomological society of Ontario (Rej). 1877, 5)

that "by 1871 it had travelled . . . west to the middle of the state of New York". In

Pennsylvania it is reported as harmful this year in Luzerne Co. (T. Glover), and as

present at Easton (Mrs. J. P. Ballard) and Lancaster (S. S. Rathvon) ; this does not

greatly increase its westward range. But it had pushed somewhat farther southwaixl,
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following the coast line; injury was done to crops in Cecil Co., Mel., during this year,

according to the reports of the Agricultural Department (Glover), and it appeared iu

Baltimore according to C. R. Dodge (Rural Carol., August, 1872). Writing me from

Spottsville, Va., Mr. B. W. Jones says, "It was a general coinplaint (in Surry Co.) as

early as 1870-71 among farmers, that they could raise no good cabbage on account of

it. In 1872-73 it infested the gardens about Petersburg in untold numbers." Yet it

was not seen in Washington until 1872. This year then is remarkable for the union of

the two armies and the considerable westward extension in Kew York.

In 1872 we again are able to trace the forward movement of the butterfly in Canada,

where it originated, and from which information entirely fails from 1867, when it reached

Montreal, until this time. For now we learn that it had passed by this time along
1872 I .J c>

the northern shore of the St. Lawrence and Lake Ontario to Belleville and Tren-

ton, Ontario (Bethune, Can. Ent. v, 41). But south of the river and the lake it had

pushed much farther, viz., through the entire length of the state of New York, so as to

invade Canada from the United States! It did not reach Port Hope, Ontario, from the

east, where Mr. Bethune Avas awaiting it (''we fully expect to see it at Port Hope this

year,"—Can. Ent. v, 41,) until July 1873, but it appeared at Ridgeway, Welland Co.,

" not in great numbers" in 1872 (A. II. Kilman), and at Toronto in August, 1872 (W.
Brodie— cf. Canada Farm., 1875, 127). This makes it highly probable that it reached

Bufliilo this year, of which I could not otherwise speak, as the testimony of my corres-

pondents is widely conflicting. Certainly it reached Brockport, for it was taken there in

September by Mr. David Bruce, and the next year had certainly spread much fiirther

west on the southern than on the northern shores of Lake Erie. It was in this year that

it reached Delhi (L. O. Howard). In Pennsylvania, though it probably reached Centre

Co. in this year (W. A. Buckhart), it was possibly checked in its westward spread by

the AUeghanies, as we do not hear of it in the western part of the state. It reached

Washington eaily in this year (Monthly Rep. Dept. Agric, June 1872, 218) but how
much farther south it passed we do not know. As however we have already heard of it

in Virginia it is probable that it had extended southward at something like its previous

rate and we have accordingly drawn our curve, to correspond Avith this.

In 1873, as before stated, it reached Port Hope, and "F. C. L." reports taking his first

specimen at Dunn in Haldimand Co., Ont. (Can. Ent. 6, 60), and some were taken at

Hamilton (J. A. Moftat), where one Avonld have looked for it the preceding

year from its presence then at Toronto. This year it had entirely covered Kew
York state, though there Avere places even in the eastern half, such as IS^orwich, Avhere it

did not appear until this year, at least in any number (J. S. Kingsley). It was found

sparingly at Cleveland in the spring of this yeai'^ (J. G. Gehiing), but from here south-

Avard our information is practically a blank. We have, hoAvever, tAvo curious items : it is

reported by Mr. C. R. Dodge as being destroyed by parasites in Louisville, Ky., in this

year, Avhich implies that it appeared there at least the year before (pi-obably Mr. Dodge's
informant mistook the destructive southern cabbage butterfly for this).

The other is a very definite piece of information from Prof. L. R. Gibbes of Charleston,

'This is the first definite st.itement of its iidvciit in Ohio, of New A'orlc and jSfew Jersey and in Ohio." The last is

but Mr. W. n. Kdvviirds, iu Part 8 of his Butterflies of Nortli clearly an error.

America, says "it swarms [August, 1871] iu many parts
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who, in a recent letter to me, after mentioning the year 1870 as one wliich was remarka-

ble for the number of Lepidoptera seen in that city, says that P. i-apae (of which he

possessed English examples in his cabinet) was not to be found, but " in 1873 I observed

it as not uncommon in this city, and recognized it at once, while flying, as distinct from

its congeners P. monuste and P. ijrotodice ... I have seen it T think eveiy year since."

This appears to be an unquestionable independent introduction of the species from a

coasting vessel, and it is due to this probably that we find it invading the southern At-

lantic states sooner than we should otherwise anticipate. In the curves, therefore, I have

given this new southern horde a distinct claim to local independence, and brought the

northern curve to the ocean at a comparatively high latitude.

In 1874 we again hear of the insect to the east of its point of origin, K. Corneau report-

ing it as rare at Godljout i-iver on the lower St. Lawrence, the northeasternmost point

from which it has yet been recorded (Can. Ent. vir, 208) ; its progress westward ,„„-
in Canada seems to have been very slow. It was abundant now at Hamilton but it

did not reach Paris this year or certainly not until the vei-y end of the year. It had be-

come noticeable at Cleveland by its ravages during this summer^ as well as in western

Pennsylvania (T. B. Comstock, Am. Kat. ix, 426). It made its appearance among the

mountain valleys of West Virginia in September, where it became abundant the fol-

lowing spring (W. H. Edwards, Pap. i, 96). It was "by no means rare" in Virginia

(Bethnne, loc. midt.)

Of the extension of the southern horde we know nothing, but from the record of later

dates I have assumed an enlarged curve wliich seems best to agree with the facts.

But here enters a new factor. Dr. A. W. Chapman, a well-known and experienced

lepidojiterist, in response to my circular, writes to me from Apalachicola, Florida, that the

butterfly first appeared there in 1873 or 1874; adding that it has not yet become com-
mon, only half a dozen being seen in a season. Here we have a second southern coastal

introduction, unless indeed it was imported from Charleston by rail direct, as seems more
probable. Its appearance, however it came about, at these two southern stations at such

an early period explains why, when the insect does not flourish so well in the extreme

south as fiirther north,^ it managed to reach Alabama at least as soon as it obtained a foot-

hold beyond the Mississippi.

Turning now to the year 1875 and beginning as before at the north, we find that ac-

cording to Mr. Saunders it reached Paris, Ont., in the spring of 1875, and London in

August (Report Ent. Soc. Ont. 1875, 31; Can. Ent. vir, 163). The same good
authority tells us {ibid.) that it had reached western Ohin, and a gardener in

southwestern Ohio reports that it first troubled him in 1876 at Mt. Repose, Clermont

Co., and therefore presumably reached that place by 1875 (F. G. Fisher) . It did not how-
ever reach Cincinnati until the following year (C. Dury) though it had followed the

western Alleghanies down to Maryville, Blount Co., eastern Tennessee, a little south of

Ivnoxville, where Mr. E. M. Aaron saw it in 1875. It was now common in West Vir-

ginia, and presumably extended into North Carolina, though we have no report from

' Dr. J. F. Isom reported tliat it first appeared at Cleve- " In evidence of tliis, the fact that it is still scarce at

land In the spring of 1S75 (Can. Ent. vu, ISO) ; but he is Apalachicola is supported by its failure to invade the pen-

certainly in error. insula of Florida.

MEMOIRS BOSTON SOC. NAT. HIST., VOL. IV. 9
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there until 1878, when Mr. W. V. Andrews found it in March at Asheville. The south-

ern pai't of our line for this year is, therefoi'e, purely conjectural, as are also the lines for

the southern colonies, from which we have no data.

There enters now a good deal of confusion in the dates of its appearance as ohtained

by correspondence in differeut parts of tlie west. The insect had become abundant on

all the main railway lines runniug east and west aud was liable to be forcibly carried in

auy direction. Wherever a pair, male and female, happened after all vicissitudes to come

together, there would be the poiut for the introduction of a new colony; for mignonette

or cabbage or turnip would be found somewhere about; and the only wonder is that

the movement of the throng was as regular as it was.

Dui-ing 187G it covered the whole of western Ontai'io (Saunders loc. cit. ) and extended

into castei-n Michigan (A. J. Cook) ; Mr. E. A. Strong even states that he took it at

Grand I\ai)ids in 1875, but this I think must be a fault of recollection. Below

the Lakes however, it moved on more rapidly. It is possible, if not probal)le,

that one of the roadside colonies to which I aUuded above was estabhshed in central

Indiana before this, for Mr. S. G. Evans says that Pieris rapae was common in Evans-

ville when he commenced collecting thei-e in 1874; and Dr. G. M. Levette writes me
from Indianapolis, "From recollections of myself and others I would place it [the in-

troduction of P. rcqjae at that point] in 1872 or 1873." We have the very definite state-

ment from Dr. F. W. Croding that he captured a female in his father's gai'den in Kane
Co., 111., 41 miles west of Chicago on Sept. 17, 1875. A few days afterward he saw sev-

eral, as he now distinctly remembers, in cabbage fields west of Chicago, flying in com-

pany with P. pfofodice. Mr. J. W. Iluett also writes that he first saw the butterfly at

Farm Ridge, LaSalle Co., in the spring of 1874 or 1875, in scanty niimbers. It would

therefore appear highly probable that, a year or two in advance of the normal rate of

progress. Pier-is rapae swejit into Chicago on a railway train. We have no further i-ecord

for this year of the advance of the great horde, but simply from analogy and subsequent

facts, the curve of its probable progress has been placed on the map.

In 187G, however, we have indications of the spread of both of the southern colonics,

for in October of this year. Dr. A. Oemler detected the butterfly at Wilmington Island

off Savannah,— evidently an extension of the Charleston colony of 1873; while the fact

that the butterfly was as common in 187G as now at Lumpkin in the southwestern part

of the state, as I am infoi-med by Mr. A. W. Latimer, indicates the spread of the Apa-
lachicola colony.

In 1877, to begin now with the south, these two southern colonies probably merged,

for the buttei'fly was common at Macon, as reported by Prof. J. E. Willet at the August
meeting of the Georgia Horticultural Society, a point which i)r(jbably might

have been reached by either colony this year, though not by the northern horde

for a year or two later, to judge by all accounts. For, to forestall the succeeding yeai'S

a little, the pest was not noticed in northern Alabama until 1879, nor at Atlanta, Georgia,

until 1880, nor at Chester, S. C, until 1881 (L. M. Loomis).

From these points to Illinois is a long leap, but for this j'car it has no record. Ex-
cepting for the notice of its common occurrence at the head of Lake IJosseau in the

Muskoka District, east of Georgian Bay, Canada (Saunders, Can. Ent. is, 185), the only
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remaining' data are for Illinois and Michigan; the butterfly had covered the lower half

of the lower peninsula of Michigan (A. J. Cook, E. W. Allis) and part of Illinois. The
specific points which it had reached in the latter state are the region about Chicago,

— Maplcwood (C. Thomas, G. 11. French), DeKalb Co., sixty miles west of Chicago (P.

M. Webster),— Decatur (W. Barnes), and Champaign, in the autumn (C. Woodwortii).

The first two of these may easily have been the mere extension of the Chicago colony,

the latter two of the Indiana, but, in all probability, the succeeding year saw a blending

of all the colonies both north and south.

For then, 1878, not only is almost the whole of Illinois invaded, but the advance guard

has pushed across the Mississippi and intrenched itself in Iowa and Missouri. According

to Dr. C. Thomas, it appeared at Carbondale early in tlie yeai' and " in injurious

numbers" at Springfield (9th Rep. Inj. Ins. 111., 9). It had crossed the Mississippi

at at least two points. Prof. R. R. Rowley writes me from Cun-yville, Pike Co., Mo.,

that he collected two specimens on radish ])lossoms at Louisiana in that county in July,

1878, and Prof. S. M. Tracy says that he noticed it at Columbia, in 1877, the first year

of his residence there^ Fuilhei', Mr. J. M. Myers writes me that five or six specimens

were taken at Fort Madison, Iowa, in the autumn of 1878; and the same fact is reported

by Mr. A. W. Hoflmeister (Trans. Iowa Hort. Society, 1879). There can therefore be

little doubt that it was in this year that it first crossed the Mississippi. In Tennessee too,

it was close to the Mississippi in 1878, for according to Mr. F. P. Ilynds it appeared this

year at Ralston Station in Weakley Co.; and it was in March recorded from Asheville,

N. C, by Mr. W. Y. Andrews (Can. Ent., x, 98).

In 1879 it had extended up the peninsula of Michigan, having been taken at Luding-

ton either this year or the preceding by Mr. jST. B. Pierce, and had invaded Wisconsin,

appearing in May about Racine (P. R. Hoy) and being abundant thei-e (O. S.

Westcott) although it did not reach Milwaukee that year (R. T. Chui-ch). Dr.

Hoy's printed statement will be found in his list of Wisconsin Lepidoptera, and should

be noticed by any one led astray by the statement in the American Entomologist (ir,

79) that it was said by Dr. Hoy to be tolerably common in Wisconsin in 18G9. This

last jjublication may account for the statement by Dr. Fitch in his thirteenth Rejiort on

New Yoi-k insects, in speaking of the new cabbage pests, that " the present year (1870),

probably favt)red ]:»y the protracted drought, they have suddenly overspread a large por-

tion of the middle and western states," when in fact they had not extended westward

beyond the middle of his own state. Possibly it was based on the statement already re-

ferred to in Edwards' Buttei-flies. Mr. Riley has also stated (U. S. Agric. Rep., 1883, 109)

that it had appeared in Green Bay (Wisconsin) in 1874, but that probably his correspond-

ent mistook an allied species for it. In Iowa it made rapid advances. We have already

seen it at Fort Madison in the southeastern corner. It probably appeared in 1878 also

at Keota in Keokuk Co., for it was destructive there before the end of 1879 (A. S. Van
Winkle). At Muscatine, according to Miss Alice Walton, now Mrs. Beatty, it appeared

in the latter part of May (Proc. Mnsc. Acad., Nov. 3, 1879) and according to Mr. F. M.
Witter (Proc. Iowa Acad., 1875-80,21-22) became destructive that year. It appeared

this year also in Linn Co., where it was very destructive (Riley). But it went beyond

' Tliis is cei'tahily possible, but it was more probaljly in 1878, to judjje by other repoits.
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the eastern tier of counties, for it was fonnd at Des Moines, according to a correspondent

of the Prairie Farmer of Chicago (Am. Ent., iir, 55), and in the autumn it reached Ames
(II. Osborn), and had even advanced by midsummer to Omaha in Nebraska, according

to Mr. L. Bruner, i. e., across the entire state of Iowa. In all probability it may have

been prematnrely carried to that great railway centre by the freight trains. The sur-

prising tiling about this is that it appeared to have no outcome, as we shall see. The but-

terfly appeared also about St. Louis this year (Miss M. E. Murtfeldt) and at many
localities in Alabama, such as Marion (J. F. Bailey, Am. Ent., in, 107) and Selma

(Riley), though Mr. Riley did not see it at Mobile on a visit there (U. S. Agric. Rep.,

1883, 109).

In 1880 it had advanced in the north, according to Mr. Saunders, to Manitoulin Isl-

and near the northeastern end of Lake Huron (Can. Ent., xii, 192-195), to the Sault

Ste. Marie, to Rochester in the southeastern comer of Minnesota (C. IST. Ainslee),

to West Point, Ne])i-aska (L. Bruner), to Lawi-ence, Kansas, in March (F. H.
Snow) and to Manhattan in the same state (W. Knaus, E. A. Po])enoe). Dr. W. S. Ifew-

lon writes me that, accortling to his note book, it ap])eared at Oswego in the southeastern

corner of the state on June 10, 1879, but he is not quite positive about the yeai-. It is

also reported this year I'rom Atlanta, Ga., in July, by C. V. Riley (Am. Ent., iir, 200).

It must have been thei'e the year previous.

In 1881 we have few reports of its extension, but it was this year that it became
common on Keeweenaw Point, at Calumet, Mich. (E. T. Custis), though the post-

master at Kasson, Leelenaw Co., told Mr. E. W. Allis that it did not appear

in that place until a year or two later. It was as late as Aug. 3 that Mr. G. M.
Dodge first saw it at Glencoe, Dodge Co., Kebi'aska, not fifty miles from Omaha (Can.

Ent., XIV, 39) and not until this year did it make its appearance at Salina, Kan., be-

coming common in 1882 (A. W. Jones). It is also reported as appearing in 1881 at

Bastrop, Texas (L. Heilegerodt). ^

In 1883 (there being no statistics obtainable for 1882) we have several very intei-est-

ing extensions. Mr. Walter Ilayden, returning to England in 1883 from Moose Fac-

tory at the extreme southern end of Hudson Bay, took with him an interestins:

collection of insects, among which Mr. J. Jenner Weir found a single pair of

JP. rapae, which were all he had taken there in a residence of five and a half years. Pre-

sumably the insect had arrived shortly before his departure. It was only in this year,

according to Mrs. E. A. Patten, that it api)eai'cd at Minneapolis, Minn., yet it was now
that Cai)t. Gamble Geddes took it in Manitoba along the line of the Canadian Pacific

Railway, at least as far as Brandon, about longitude 100". Fnrther, Mr. Charles S.

Brown of Ludden, Dickey Co., Dakota, writes me that he reached that country in 1883

—one of the first settlers there— and noticed then a few specimens of the butterfly,

which has since become common. It is evident that it has nearly outrun the tide of civ-

ilization.

But even this record is outstiipped by the report that it actually reached the Rocky
mountains in Montana in 1881. Two correspondents have answered my inquiries fi"om

'Ml'. N. Coleniau found it iu Marshall, Texas, when he moved there iu 1S81. He thought it had not been tliere long.
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there; one has not seen it and saj^s it must be rare or local if there at all ; the has occa-

sionally noticed a Pieris, but took it to be P. oleracea (R. S. Williams) ; the other, Mr.

F. W. Anderson, says he saw none in 1883, one in 1884 and anothei" in 188G.
1884

North of the boundary, according to the report of a four years' resident, the

insect has not yet reached Regina (N. 11. Cowdry).

A few words only will suffice for all later statistics. In 1885 it is recorded from Du-
luth, at the western end of Lake Superior (W. H. Edwards) ; and Mr. David Bruce, who
has spent the last thi'ee summers in Colorado and has closely watched all white

1885-6
butterflies on the search for some of the rarer forms, met with P. rapae for the first

time in 1886, seeing a dozen specimens about Denver between August and October. In

this same year it apparently made its first advent into the eastern half of Florida. En-
quiries, last autumn, of several entomologists residing there, Messrs. Ashmead at Jackson-

ville, Hubbard at Crescent City, Mead and Chase in Orange Co., elicited the uniform

response that the butterfly had not reached there; but Dr. J. M. Wheaton of Colum-
bus, Ohio, writes me that he obtained a single battered specimen about the first of

April, 1886, while on a visit to Jacksonville. There is probably, therefore, no state in

the Union, east of the Rocky Mountains, where it does not occur, though it has not been

reported, to my knowledge, from Mississippi, Louisiana or Arkansas. It is hardly pos-

sible that it has not covered nearly or quite the whole of each, though ]Mr. R. d'Ailly of

Malvern, Arkansas, writes me that it has not yet reached that place in the centre of the

state.

If now we examine the map upon which these statements have been represented, we
shall be struck, I think, by two or three principal points: 1. The more rapid spread

of the butterfly, at first, toward the east and southeast until it reached the sea, rather

than toward the southwest along the valley of the St. Lawrence. 2. The compara-

tively small amount of hindrance mountainous and elevated countries seem to have pre-

sented in the early part of its career; indeed, if the first record of its appearance in

East Tennessee is correct (and we have excellent authority for it) these would seem in

the warmer latitudes to have offered a distinct highway for the movements of the army
which tlie curves for 187J:-1877 are meant to show. 3. The favorable influence of

colonies on the spread of the pest with the single exception of that at Omaha. 4.

The excessively rapid, forward movement toward the west and southwest as soon as the

Valley of the Mississippi is reached ; compare, for instance, the five years' advance from

Cincinnati, Ohio, to Lawrence, Kansas, or to Bastrop, Texas, and the otherwise rapid

five years from central New York to western Ohio, or the five years it took to cover

the New England states. 5. The natural limit to its southern extension, as shown
by the fact that it can hardly maintain itself at Apalachicola and has not pushed its

way into the peninsula of Florida beyond, hardly to, Jacksonville, although it has for

ten years been within what would elsewhere be not more than a year's flight away.

It may here be mentioned, as a fiict noted by every one who has studied butterflies

and by many others, that as fast and as flar as Pieris rapae has spread, it has almost

exterminated the native white butterflies, both the southern cabbage butterfly, Pontia

protodice, which is itself harmful, and Pieris oleracea, which is comparatively innocuous.

It is also observed that the second year after the advent of P. rapae is the one in which
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it is most numerous and does the most damage. Its parasites then foUoAV it up and its

injuries, though still serious, are by no means so alarming.

I have purposely refrained from mentioning hitherto the fact that, in the opinion of

some entomologists, Pieris rapae is indigenous to the Pacific coast of America, or

at least has been known there for fidly a quarter of a century and no one knows how
much longer. Specimens were first brought east by Mr. A. Agassiz in 1859. It is well

known that the butterflies (not to mention other animals) of the Pacific coast are more
nearly allied to those of the Old Woi-ld than are the butterflies east of the Rocky Mts.

;

and therefore, to one regarding these western Pierids as identical with P. rapae, they

may well be looked upon as autochthonous, inasmuch as in the Old World P. rapae ex-

tends from the Atlantic to the Pacific, from Great Britain and Barbary to Ivamtschatka

and Japan. In his elaborate paper on the American forms of Pieris allied to P.

napi of Europe (Papilio i, 83-99, pi. 2-3), Mr. W. H. Edwards has argued that all

the American species of Pieris (as I have limited it) which do not belong to the Euro-

pean P. rapae, are to be classed with the European P. napi, and in his last catalogue he

has so arranged them, excepting that for some unaccountable reason he separates as a

distinct species P. virginiensis, which he himself stated three years earlier had given birth

in ]Mr. Mead's breeding experiments to the form oleracea.

This is not the place for the discussion of affinities, so I can only here express my
pi'esent dissent from the conclusions of Mr. Edwards, maiidy upon the very grounds set

forth in his paper, in which I think he has confounded two distinct species. My own be-

lief is that we have in America, in addition to the introduced P. rapae, two distinct au-

tochthonous species, each of which shows seasonal dimorphism similar to that of P.

rapae, and at least one of them some marked geographical races. One species, gener-

ally known as P. oleracea, covei'S the continent from ocean to ocean and reaches from

Alaska and Labrador to Central California, Colorado and Virginia. It has been de-

scribed under many different names, such as casta, cruciferarnm,marginalis, frigida, hulda,

and virginiensis, besides several varietal designations. As a general rule it has no spots

upon the upper surface, though these sometimes appear, probably by reversion. The

other species, P. venosa, has been hardly less tormented with appellations, having been

also christened pallida, yreka, castoria, nasturtii, resedae and iberidis. It is found along

the Pacific coast from central California to British Columbia at least as far as Lat. 52° N.

It is closely allied to and may be said to represent P. napi in this country. It is, how-

ever, as distinct from P. napi as P. napi is from P. rapae, and the only logical outcome

from the position assumed hy Mr. Edwards is, in my opinion, to consider all these species

of Pieris,—rapae, napi, oleracea and venosa, as different forms of one species. It mat-

ters little whether they are lookel at in this light or as distinct species, for they undoubt-

edly came from the same stock. The only claim I would make is that if P. rapae and

P. napi are distinct species, as they are universally considered in Europe, then the

American species, previous to the introduction of P. rapae into eastern Canada, were dis-

tinct from the European and from each other. That certain forms of each of them, and

especially of P. venosa, might readily be taken (as has been done) fori-*, rapae is un-

questionable, and it is possible that the species, seen in 1881 and again in 18SG at Great

Falls and the Belt Mts., Montana, was P. venosa, so marked. I have accordingly cov-
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ercd the area upon tlie map over which P. venosa is known to extend with close cross rul-

ing, and that which it may probably also occupy with more open ruling-. It will thereby

be seen that the introduced P. rapae is rapidly progressing toward its near of kin. It

may well be believed that if P. rapae has in the last five years crossed the high plains

of Kansas and Nebraska on its westwai-d march, as it has done, the butterfly considered

by Mr. W. H. Edwards and others as Pieris rapae, which has been on the Pacific coast

since 1859, W'Ould, in more than a quarter of a century, if it were P. rapae, certainly have

extended eastward across the less arid countrj' along the northern boundary of the United
States to a proportionably longer distance,—w^hich it certainly has not done. It there-

fore fails in one characteristic of that ravenous and destructive species. It should be

added that the only forms considered by any one as identical Avith P. rapae are those

described by myself as P. marginalis and by Mr. Reakirt as P. yreha. They came
from California, Oregon and AVashington Tei-ritory.

' "With regard to the nature of the documentai-y evidence a few words may be said.

One would expect that much might be leai-ned from agricultural and horticultural jour-

nals about the movements of the butterfly, but a great amount of time has here been

wasted in vain seai-ch; very little Avas to be found and that little generally so vaguely

stated as to be valueless. Direct enquiry has been ahnost the sole resource of value after

the entomological journals, and especially the pages of the Canadian Entomologist.

In the mass of information received from veiy various quarters in reply to my circular

of inquiry, it has of course been impossible to Aveigh the evidence for exactly Avhat it Avas

Avorth. Some of it, as Avas to be expected, had to be throAvn out altogether as coming
from those Avho Avere not sufficiently observant to have distinguished betAveen the ncAV

pest and its allies, also destructive to cabbages. To adopt indiscriminately all the data

oflfered Avould lead to a chaotic result: Ave should be obliged for instance to say that the

butterfly appeared in Ohio in 18G5, Avhen it had only that year crossed the northern bor-

der of ]S"eAV England; or that it reached central Illinois in 1871 or 1872, or even in

1859 Avhen it had not yet been borne across the ocean; or that it appeared in Georgia

in 1862 and Avas abundant there in 186(), some ten years before its time. More possibly

correct is the nearly accordant testimony of no less than three repoi'ters, whose judgment
I haA'e no means of testing; they agree in giving 1861 or 1865 as the date of the first

appearance of the l)utterfly in eastern Pennsylvania and a fourth refers to it hesitatingh',

perhaps as a matter of report; it is possible that it might have been brought across the

ocean direct to Philadelphia at that date, but as it did not attract the attention of other

entomologists in and about Philadelphia or make its impression on the country around,

the suppositioai is rendered highly improbable; nor do the facts given above regai-ding its

spread about New York lead us to admit that it reached that city from Philadelphia.

It is far easier to suppose either that a mistake was made by each observer in the spe-

cies concerned, or that the memory was at fault,— all these statements coming to me in

ansAvcr to my enquiries last autumn ; none of them are j^rinted records. The point may
perhaps be best solved l)y entomologists of that region, if they Avish to folloAV it up; in

which case the details in my possession Avill l)e furnished to any competent person.

I have not mentioned above a I'cport made to me by an entomologist, Mr. George
Bowles, Avhose specialty is Coleoptera, Avho states that Avhen on a natural history expe-
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dition to the "West Indies and South America, he passed two days at the Island of Do-
minica, and there "observed the butterfly [P. rajxie] along the edges of the canefields

and in many j)arts of the town (Roseau), and I was told, it lived upon the mustard plant."

This is an extract from his journal of February 23, 1884. In a subsequent letter he states

that he is quite confident of his identification of the butterfly as it was very numerous

and he had • paid particular attention to it in this country" from his interest in it through

his cousin Mr. G. J. BoAvles, who first brought it to notice in the Canadian Naturalist.

Unfortunately all his collections, possibly including specimens of the butterfly seen, were

lost by an accident on the Magazine River, British Guiana. Mr. Bowles gave me the

addresses of persons in the Antilles Avho, he thought, might ol)tain specimens for me, and

I have received replies from them, but as yet no autoptic evidence that P. rapae exists

there, nor indeed anything to corroborate Mr. Bowles' belief, excepting fi-om one gentle-

man who writes: "I have an idea I have seen the butterfly you mention, but am not cer-

tain." Enquiries are not yet closed, however.

In conclusion, it may be I'emarked that the definite setting down of territorial limits to

each year's spread will naturally raise the question in the mind of every lepidopterist

who examines the map, whether it rightly interprets the matter for the ground with which

he is familiar. I beg therefore to ask those who see reason to question the accuracy of

the lines at any point kindly to give me the benefit of their better knowledge, by exact

and detailed statements; and, where possible, founded on something better than memory.
Should a sufficient number of important divergences come to light, I will make them
public in a formal statement. It may be stated, in a general Avay, that the lines are more
conjectural in the southern states than elsewhere, owing to the paucity of observations.
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IV. A Study of N'orth American Gerakiacbae.

By William Trelease.

(Kead Feb. 16, 1887.)

JLlsT the following- pages, I have brought together desci-iptioiis of our species of Gera-

niaceae, and a few biological notes on them, together with references on their pollination,

dissemination, etc. IN'o general revision of our species of this order has been undertaken

since the publication of the first volume of Torrey and Gray's Flora of North America,

1838-40. The systematic literature and the synonymy of ISTorth American species will

be found in "Watson's Bibliographical Index to North American Botany, i, 119, while

the more important papers on the order as a whole and its subdivisions are indicated in

Bentham and Hooker's Genera Plantarum, i. A synopsis of the larger species of Ge-

ranium, by Engelmann, appears in Gray's Plant. Fendler., pp. 26-7.

I am indebted to Professor Gray and Mr. "Watson for the free use of the Gray herba-

rium of Harvard University, and for many helpful suggestions ; to Dr. Britton for the

specimens contained in the Torrey and other herbaria of Columbia College; to Miss

Carter for access to the herbarium of this Society; to Professors Prentiss and Dudley

for the specimens in the Horace Mann herbarium of Cornell University, as well as for a

large suite of duplicates of the eastern species ; and to Dr. George J. Engelmann for

forwarding me the specimens in the Engelmann herbarium of St. Louis. A number of

friends have also favored me with smaller collections, chiefly of eastern species, the most

valuable of these being a suite of specimens of Oxalis recurim, collected about Cincin-

nati, by Mr. C. G. Lloyd, and a Nuttall specimen of Oxalis pumila from Mr. J. H. Red-

field, of Philadelphia, a fine suite of O. Suksdorjii from Mr. L. F. Henderson, of Port-

land, Oregon, and flowers from the type specimens of 0. Dillenii, at Oxford, secured by

Professor Gray.

GERANIACEAE, Bentham and Hooker, Genera, i, p. 2G9.

Annual, biennial, or pei-ennial plants; ours herbaceous or merely suftVutescent. Leaves

alternate or occasionally opposite or pseudo-verticillate, simple, divided, or compound,

mostly cut-toothed. Inflorescence sometimes evidently cymose, or the flowers solitary
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and tei'minal or appai-ently racemose or umbellate. Flowers hermaphrodite, mostly 5-

merous (3-4-merous \n Limnantheae) and symmetrical, nearly hypogynous. Sepals and
petals distinct or nearly so. Stamens mostly twice as many as the petals, distinct or

somewhat connate in O.vdlis and Imjmtiens; anthers round-oval, more or less versatile,

two-celled, dehiscing longitudinally. Carpels as many as the sepals, alternate Avith them
and united about an axile column except in Limnantheae; ovary deeply lobed, its cells

1- x-ovuled; styles commonly united below, the capitate or latei-al stigmas mostly distinct.

Glands of the receptacle as many as the sepals and opposite them (i-educed and opposite

the petals in Oxalls), or wanting when the flower is spuri-ed. Seeds with little or no
albumen except in Oxalis; embryo sti-aight or incumbent, the cotyledons somewhat pli-

cate and lobed in the genera with dissected leaves. A heterogeneous order of al^out

750 species, chiefly of subtropical and temperate regions, related on the one hand to Zy-
gojjhylleae, and on the other to Rutaceae. The suborders are treated as distinct by many
continental writers.

GEEANIEAEi.

Flowers regular or nearly so, 5-merous, homogone^; sepals imbricate, persistent, en-

larging somewhat in fruit; petals imbricate, deciduous; antheriferous stamens as many
as and opposite the sepals or tAvice as many, Avith persistent filaments; glands opposite

the sepals, conspicuous; cai'pels alternate with the sepals, 2-ovuled, becoming 1-seeded,

breaking elastically from a persistent fluted beak.— Geraniaceae of continental Avriters;

five genera, three of them confined to Asia and Africa, the other tAvo Avidely distributed.

GEEANIUM, L. Gen., no. 673 ; Bcntli. and Hook., Gen., i, 272.

Usually caulescent herbs with simple radiately-divided petioled and stipulate leaves;

peduncles mostly 2-flowered; stamens ten, all antheriferous (except in G. inisillinn'),

mostly united a little at base; ovary deei)ly divided; ripened carpels dehiscent on the

inner side, the stylar appendage finally arched, glabrate on the inner side; seed round-

oblong, smooth, reticulate-i'idged, or hexagonal-pitted, with little or no albumen ; embryo

incumbent with sinuously folded cotyledons.—About one hundred species, almost con-

fined to temperate regions.

Synopsis of North Amkrican Species.

*Perennial from a stout caudex; flowers large, 15-30 mm.; seeds reticulate-ridged.

Erect, not cespitosc; leaves large, 100-200 mm.
Petals glabrous or only pubescent within

;
plant scarcely glandular except that the ca-

lyx hairs are often tipped with small glands.

'The characters giveu refer only to our represeuta- 'Tliat is, essentially alike in a given species, so f.ir as

tives. the rehitive length ol' stamens and pistils is concerned.
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East of the Rocky mountains; calyx only moderately villous; pedicels canes-

cent. ........... G. maculatu7n.

Northwestern; calyx and usually pedicels very villous. . . Q. erianthum.

Petals more or less villous within; at least the i^edicels conspicuously glandular.

Stout; flowers purple; glandular hairs rather short, dirty yellow; tip of beak short

and thick. ........... Q. incisum.

Slenderer; flowers mostly white; hairs long and white, tipped with purple glands;

tip of beak longer and slenderer. . . . . . . G. liichardsonii.

More or less spreading and cespitose; leaves of medium size, 30-75 mm.
Upper leaves mostly as broad as long, with equal cuneate lobes.

Pedicels, etc., mostly glandular; filaments mostly about equalling the pistil.

G. Fremontii.

Usually retrorsely canescent and not glandular; filaments a third longer than the

pistil. .......... G. caesjjitosum.

Upper leaves longer than broad, the terminal lobe longest, ovate-lanceolate.

G. Ilernandezii.

* *Annual or biennial; leaves seldom over 50mm.; flowers smaller, 4—15mm.; seeds

smooth, reticulate, or pitted.

Carpels not bristle-bearing above; leaves radiately lobed or mostly dissected.

Peduncles mostly 1-flowered; leaves 3-cleft, with sen-ate divisions. . G. Sihiricum.

Peduncles 2-flowered; leaves several lobed.

Peduncles and pedicels long and slender; carpels subglabrous, not wrinkled; seeds

deeply pitted. ......... G. columhinum.

Peduncles and pedicels mostly short; carpels hairy or rugose.

Seed reticulate or pitted.

Pubescent or short-glandular.

Coarse; branches uniformly leafy; lobes of leaves rather broad and short;

seed very low-ridged except in the variety. . . G. Carolinianum.

Slenderer; leaves crowded at the ends of the branches, their lolies long and

narrow ; seed deeply pitted. ..... G. dissectum.

Glandular-villous with purple-tipped white hairs; leaves shallow-lobed ; seed

reticulate-ridged. ....... G. rotundifolium.

Seed neither pitted nor conspicuously reticulate.

Carpels finely appressed-pubescent, not wrinkled; flowers pale; stamens five.

G. 2iusillum.

Carpels subglabrous, transversely rugose; flowers deep purple; stamens ten.

G. molle.

Carpels bristle-appendaged at the upper end, strongly wrinkled; leaves

1-2-ternately divided; very graveolent. . . . G. Bohertiamim.
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1.' G. MACULATUM, L. Sijcc, G81. A foot to a foot and a half high, erect, subsimple,

not cespitose, pubescent or canescent with spreading or mostly retrorse hairs, occasion-

ally villous; leaves mottled, the radical mostly 2-4, long-petioled, suborbicular, incisely

3- or sometimes 5-parted, the divisions cuneate, the lower 2-cleft and all once to thrice

3-lobed at apex Avith abruptly acute or subacuminate coarsely acuminate-serrate lobes,

basal sinus open, V-shaped ; cauline leaves mostly tAvo and opposite, occasionally alter-

nate or sessile, otherwise like the radical ; stipules oblong -elongated-triangular, entire

or acutely 1-3-lobed near the apex; peduncles 1-5, mostly 3, umbellately clustered

between the stem-leaves, simple or once or twice umbellately branched, the lateral fre-

quently bearing single or paired reduced leaves; pedicels mostly paired, at length about

au inch long, erect in fruit, retrorse-canescent; bracts linear, similar to the stipules;

flowers large, rose-purple; sepals ovate-oblong, abruptly awned, the outer mostly vil-

lous and the inner ciliate; petals about 15mm. long, woolly-eiliate at base; filaments

somewhat ciliate; beak of fruit 25-35 mm. long, finely pubescent, abruptly narrowed

above; styles free for 2-3 mm.; divisions of ovary sparingly close-pubescent and villous,

8.5-4mm. long; seed finely reticulate-ridged, as in the rest of this section, 1.5 x 2mm.
—Oi)cn groves, Canada and New England to Saskatchewan and Missouri, south to

Florida {fide Torrey & Gray, Fl. N. A.) and Alabama (Mohr, Prelim. List PL Ala. ) ;

common in the northern states. I have seen no specimens from farther south than

Georgia and Kentucky.—PI. 9, figs. 1-2; 10, fig. 4; 12, fig. 5.

2. G. EKIANTHUM, DC. Prodr., T, 641. G. maculatum, fi. Hook. Similar to the last,

but more or less leafy-branched ; leaves with more numerous narrower crowded lobes

;

pedicels scarcely over a half-inch long, erect in fruit, unequa]ly canesccnt-pilose; calyx

densely villous with long white hairs, many of them gland-tipped; petals purple, gla-

brous or minutely pubescent on the inner side ; filaments long-pilose; beak 30-35 ram.

long, canescent and somewhat villous, slender-tipped; styles free for 2-3 mm.; seed

1.5 X 3mm.—Alaska and northwest British America; also in northeast Asia.—PL 9, fig.

3; 10, fig. 8.

3. G. INCISUM, Nutt., Torrey & Gray, Fl. N. A., i, 206. G. alhiflorum, var. (?) in-

cisum, Torr. & Gr. G. Ilookerianum, var. incisum,, Walp. G. viscosissimum, Fisch.

& Mey. (r. pe?ito(/^/i«m, Engelm. ! G. Fremontii, M.-agouw, G-At. nos. 325-6. G. eri-

anthum, Torrey, Bot. Wilkes' Exped., 251. Habit of G. maculatum but coai-ser, uni-

formly leafy-branched above, the branchlets subtended by more or less reduced leaves;

pedicels and often petioles or even the entire plant dirty glandular-pubescent and some-

what unequally villous; leaves incisely 3- or mostly 5-parted, the lowest divisions

again 2-cleft and all rather narrowly cuneate, basal sinus usually narrow, V-shaped or

nearly closed; pedicels at last an inch or two long, the longest more or less refracted in

fruit; flowers about as large as in G. maculatum and similarly colored; outer sepals

glandular and somewhat villous; petals (within) and filaments sparingly white-villous;

beak 35^5 mm. long, very glandular, short-pointed; styles free for 4-6 mm. ; divisions of

ovary glandular, 3x5mm.; seed 2x3mm.
—
"Woods and open places, mountains of

British America to Dakota and California.—PL 9, figs. 4-5; 10, fig, 11; 12, fig. 1.

' Only the munbered species belong to our flora as endemic or truly naturalized.
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4. G. EioiiAKDSONiT, Fisch. & Mey. Index Sem. Petr., iv, 37. O. alUjionim, Hook.
G. IIooTcerianum, "Walp. Similar to the last but slenderer, inconspicuously retrorse-

pubescent below, the peduncles and pedicels villous with spreading white hairs tipped

with purple glands; uppermost reduced leaves lanceolate, serrate but not lobed; pedi-

cels more or less reflexed or spreading and bent in fruit; sepals canescent and somewhat
glandular; petals purple (?) or mostly white, villous on the inner side like the fila-

ments; beak 25-30 mm. long, sparingly fine-jjubescent and villous-glandular; styles free

for about 4 mm.; divisions of ovary 2 x 4mm., pubescent and somewhat glandidar-vil-

lous; seed 1.5 X 2.5-3 mm.—Open places and ravines in the mountains, SaskatcheAvau

to New Mexico and Arizona; also found in California.—PI. 9, figs. 6-8; 10, fig. 1.

5. G. Fremontii, Torrey, Gray's Plant. Fendler., 26. More or less cespitose from a

very stout caudex, a span to a foot or two high, the smaller plants sometimes subacau-

lescent, the larger with slender spreading leafy branches, somewhat canescent, the

pedicels and often branches and petioles yellow-glandular; leaves typically closely

appressed-pubescent and stout-veined,* round-renifoi-m, 3-parted with broadly cuneate

divisions, the lower once or, especially on the radical leaves, twice cleft on the lower
side; radical leaves usually with closed sinuses, the cauline similar or mostly truncate at

base, with divergent lobes, all of which are incisely once or twice 3-toothed at apex
with crenate-acuminate coarse teeth; pedicels at length an inch or two long, refracted

in fruit; flowers rose-purple; petals 12-15 mm. long, emarginate, somewhat villous with-

in; filaments pilose, equalling or exceeding the pistil; beak 25-30 mm. long, dirty glan-

dular; styles free for 4-5 or even 6-8 mm. ; divisions of ovary 2 x 4 mm.; sparingly hairy

and glandular; seed 2 X 3 nun.—Mountains of Utah, Colorado, and New Mexico. Per-

haps not distinct from the next and very closely related to the preceding. The larger

form with conspicuously refracted jiedicels is var. Parryi, Engelm., Amer. Journ. 'Sci.

and Arts, third series, xxxiii, 405.—PI. 9, fig. 9.

6. G. CAESPITOSUJI, James, Long's Exped., ir, 3 (?) ; Gray, PL Fendler., 25 ( !). Sim-
ilar to the last, but mostly longer stemmed and more decumbent and spreading from a

shorter or slenderer caudex, canescent but not glandular, except on some pedicels of a

few s'pecimens; leaves less frequently truncate at base, with a more or less open sinus,

their lobes narrower; peduncles long; pedicels mostly refracted in fruit; sepals long-

pointed; petals smaller, 8-12 mm. long, scarcely emarginate, villous within; filaments

bearded, conspicuously longer tlian the pistil; beak 25-35 mm. long, gray-pubescent,

stout-pointed; styles free for 4-5mm. ; division of ovjry more ©r less villous, sometimes
with a few very short glandular hairs; seed 1.5 X 2.5-3 mm., reticulate.—Mountains,

Sau Bernardino Co., California(?) (/S'. B. Parish, 1806), Arizona, New Mexico, and
Texas, to Mexico.—PI. 9, fig. 10; 10, fig. 6; 12, fig. 3.

There is reason to doubt whether James' plant was not reallj' the preceding, for he did

not collect south of Pike's Peak, while this species, as I understand it, is distinctively

southern.

G. PRATENSE, L., of Europc, is reported by Fowler (Prelim. List of New Brunswick
Plants, 20), as escaped from gardens near St. John, N. B. But it need not be de-

scribed here.
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G. Hernandezii, DC. Prodr., i, GiO. Perennial and cespitose (?), large and

spreading, the lower nodes much dilated, loosely villous with often gland-tipped white

hairs; radical and lower leaves 50-75 mm. across, on jDetioles nearly a foot long, 3-cleft,

the basal divisions sometimes again lobed on the lower side, all ovate-oblong, cut-

toothed or lobed towards the apex; upper leaves much smaller, deltoid-cordate, 3-parted

the divisions acute and serrate-lobed, the ovate-lanceolate middle one largest; pedun-

cles not over an inch long; pedicels mostly shorter; sepals long-awned, the inner some-

what red-margined; petals white (?), half as long again as the calyx, spatulate, entire;

filaments ciliate; st^'les free for about 2 mm.—Iluachuca Mountains, southern Arizona

(Leviy/ion, 2651). Apparently the same as Mexican specimens (Schaff'ner, 191), but

not in fruit.—PI. 9, fig. 11.

G. SiBiRicuM, L. Spec, 683. A slender-stemmed, repeatedly forked, short-villous,

Asiatic annual, having 3-5-parted leaves with coarsely serrate, broadly lanceolate divi-

sions; small, dirty-white, purple-veined flowers mostly solitary on bent pedicels an inch

long, the 2-bracted peduncles of equal length or shorter; sepals awned; petals al)Out

5mm. long; beak canescent, 15-18 mm. long; the divisions of the ovary puberulent and

sparingly villous, 2 x 4 mm.; seed 1 x 2mm., minutely reticulate-areolate. Collected as

a roadside plant on New York Island in 1867 {Denslow), and, as I learn from Doctor

Britten, observed near the same place within a year or two. It was also collected on

a refuse-heap, in Cambridge, in 1885 (Morong).—PI. 9, fig. 12.

7. G. COLUMBINUM L. Spec, 682. Very slender-stemmed, spreading and prostrate,

hispid with a close gray pubescence which is retrorse except on the leaves and sepals,

not at all glandular; leaves more or less 3-5-dividcd and dissected into numerous linear

divisions; stipules setaceous-pointed; peduncles very long; pedicels at length an inch

or two long; sepals ovate, awned; petals pui-ple, about equalling the calyx, spatulate,

mostly eroded; beak 15-20 mm. long, with a long slender tip, appressed-hispid; styles

free for about 1mm.; divisions of ovary 2 X 3mm., nearly glabrous, keeled on the back;

seed subglobose, 1.5 X 1.75mm., deeply pitted.—Pennsylvania (Porter), Virginia (Cur-

tiss,Pech), Dakota (Gratfeller). Introduced from Europe, etc.—PI. 9, fig. 17; 10, fig.

7; 12, fig. 9.

8. G. Caroliniaxum, L. Spec. 682. G. atrum, Moench. G. lanuginosum, Jacq. A
span to a foot high, stout-stemmed, spreading when large, loosely gray-pubescent and

mostly dirty-glandular; leaves incisely 3-5-parted, divisions cuneate, more or less deeply

ciat-toothed or dissected into linear lobes; peduncles and pedicels seldom over an inch

long, often densely crowded, the pedicels frequently somewhat bent in fruit; sepals ovate,

acuminately tapering to a prominent awn, with recui'ved margins; jietals rose-colored,

about equalling the calyx, obovate, emarginate; beak about 20 mm. long, short-pointed,

loosely villous or glandular; styles free for about 1 mm.; divisions of ovary 2x4 mm.,

not keeled, villous-hispid, when ripe mostly black; seed 1.25 x 2.25 mm., low-reticulate.

—Open places, Canada to Washington Territory, south to Florida, California and

Mexico; most common in the South and West.—PL 9, fig. 13; 10, fig. 2; 12, figs. 6-7.

Var. Tesanum, collected near IS'ew Braunfels, Texas, by Lindheimer, in 1848, diff"ers

in having deeply pitted round seeds like those of G. coUunhinum, but with the habit and
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foliage of Carolinianum. I have seen only a few plants, of a single collection, and have
looked in vain for other characters by which this form can be separated, althongh the

seeds indicate more than a varietal difference.—PL 12, fijr- 8.

Var. LOXGiPES, "Watson, King's Eep., v, 50, of the monntains of Colorado and Utah,
differs from the type in being of looser growth, with longer spreading peduncles and
pedicels.

Bentham, in some instructive remarks on this species in Flora Australiensis, i, 296
regards it as only a form of the next, with which it certainly has much in common. "While

our plant is sepai-atcd from the European dissectuin without much difficulty, it must be
admitted that Australian specimens are identical with those from the United States, with
the exception that their clusters of fruit are mostly less dense and their roots perennial.

Baron von Mueller, who for a time agreed with Bentham in referring the Australian
form to dissectum, and oncc^ called it Caroliuiamuu, writes me that he has now adoiJted

the name G. jn^osimi for it.

G. DissECTUM, L. Amoen., iv, 282. G. Carolinianum, Gray, Proc. Am. Acad., vrri,

378. Very similar to the preceding, but the leaves rather more remote below, and, like

the small i)ale flowers, clustered at the ends of the branches, their lobes longer and nar-

rower; seed closely and rather deeply pitted.— Introduced into various places from
Europe. I have seen specimens only from Oregon {Hall, 72) and "Washington Terri-

tory (SnJcsdoiif), but it is reported from various localities. Most of what has passed in

America for this species is G. Carolinianum. Small specimens, like those of Hall, have
much the habit of G. j^usillum, but are distinguished by the seed.—PI. 9, fig. 15.

G. KOTUNDiFOLiUM, L. Spcc, G83, from Europe, resembling G. Carolialanum in its

fruit and seed, and of nearly the habit of G. jmsilhtm, but with the leaves short-lobed

and the stem, etc., villous with long white hairs tijiped with purple glands, has been
collected in Michigan (Farwell) and on ballast about New York city (Brown).—PI. 9
fig. 16; 10, fig. 9; 12, fig. 4.

9. G. PUSiLLUM, L. Spec, 2 ed., 957. Slender-stemmed, spreading, soft-pubescent, or

the calyx, etc., villous and usually glandular; branches leafy; leaves small, round-reni-

form or the cauline truncate at base, equally cleft into nine oblong or linear lobes each
more or less regularly 3-toothed at apex; peduncles frequently opposite the leaves, short,

like the pedicels; sepals ovate, acute or acuminate, not awned; petals pale purple, about
equalling the calyx; fruit very small; beak about 10mm. long, short-pointed, puberulent*

styles free for about 1 mm.; divisions of ovary 1 x 2mm., finely canescent, keeled, not
wrinkled; seeds 5 x 1.4mm., smooth.—Open places, New Yoi-k and Pennsylvania to

Ohio; also reported from Canada (Macoun, Cat. irr, 502) ; introduced fi-om Europe.

Five of the filaments are said to be constantly without anthers, as in Erodiiim.—PI. 9

fig. 14; 10, fig. 3; 12, fig. 10.

G. MOLLE, L. Spec, 682, a very similar European plant, but readily distinguished by
its dark flowers with ten antheriferous stamens, glabrous transversely wrinkled carpels,

slightly striate seed, and longer soft pubescence, has been introduced in New York
{Saiiwell, Kniesl-ern) , Ohio (Werner), "Washington Territory (Suksdorf) and Van-
couver Island (Macoun) ;

it is also reported in Ontario {Macoun, Cat., m, 502), and has

'Key to tlie System of Victorian Plants, 11, 10.
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been collected on ballast at New York City (Brown).—PL 9, fig. 18; 10, fig. 5; 12, figs.

13-14.

10. G. RoBEETiAiiruM, L. Spec, 681., G. inodorum, Don. A span to a foot and a half

high, erect or spreading-decumbent, puberulent and loosely glandular-villous, purple-

tinged, graveolent; leaves round-ovate, once or twice ternately divided, the ultimate lobes

oblong, coarsely acuminate-tootlied; stipules triangular, obtuse; pedicels half an inch or

less in length, erect in flower and fruit; sepals ovate, lanceolate, long-pointed, connivent;

petals rose-purple, 8-12 mm. long, spatulate, with long narrow claws; filaments glabrous;

beak 20-25 mm. long, with a long slender point, minutely glandular-puberulent; styles

free for about 1 mm.; divisions of ovary 1.5 X 2.5-3 mm., loosely wrinkled, sparingly pu-

bescent, breaking away from the style with 2 long white apical bristles; seed 1 x'2mm.,

smooth.—Damp ravines, etc., [ffew Brunswick and Canada to Xew York, west to Min-

nesota and Missouri {fide Traci/s List) ; also found in Europe, Western Asia and

:N'orth Africa.— PI. 9, fig. 19; 10, fig. 10; 12, figs. 11-12.

Our Greraniums are annuals, becoming biennial, with the formation of a tap-root in

some instances, or normally perennial, when they produce a larger or smaller rootstock

which is considerably branched in one or two species. A number are weak-stemmed,

and when these reach any considerable size they are decumbent, their enlarged nodes

possessing the sensitiveness to gravitation which is characteristic of the swollen nodes

of grasses^, etc., which causes the stem to form abrupt geniculate bends at the lower

joints. The pubescence consists of simple 1-cellcd pointed usually somewhat roughened

hairs, frequently appressed and, on the lower part of the stem at least, retrorse, in a

considerable number of species. Besides these there are in many species long, mostly

spreading, white hairs, consisting of a long basal cell, and a single row of shorter cylin-

drical cells above. In O. macidatam, and especially G. eriantlmm, these, which abound

on the calyx, often rendering it very villous in the latter, are tipped with rather small,

purple glands, frequently rudimentary in the former. In G. rotundifolium and G. Ricli-

ardsonii, though somewhat shorter and more rigid., they abound on the pedicels, etc.,

still preserving their white appearance ; while in G. Fremontii, and especially G. incisum,

they are of a dirty-yellow color. As a rule, hairs of this class appear to be pretty con-

stant in their occurrence or absence in a given species; but some pedicels of G. caespi-

tosuyn are nearly or quite destitute of glands, while others, even on the same plant, are

evidently glandular-pubescent, and, judging from other plants, too much reliance should

not be placed on characters derived from the pubescence. (Note 1.)

The inflorescence of Geranium is essentially cjnnose, the stem ending in a 1- or, mostly,

2-flowered peduncle, while lateral peduncles arise from the axils of the cauliue leaves in

simple plants of the maculatum type, their ultimate branches likewise ending in paired

pedicels. In G. maculatum the lateral peduncles are sometimes more than 2, and bear

reduced leaves, while in its western representatives they are regularly leafy and elon-

gated, but otherwise similar. There is at first sight little to connect the more branched

' Ou G. Huhcrlianvm, sec KiUzoii ; Bot. TiJsskrift, xii; Just's Jahresbericlit, ix, 4l'0.
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decumbent forms with this simple type, for their leaves are scattered and, in G. pusillum,

etc., the 2-flowered peduncles arc frequently opposite the leaves. But in G. Sihiricum,

which is more or less regularly dichotomous, tlie forks are occupied by mostly 1-flowered

peduncles, clearly the terminal shoots, and in the slender-stemmed species with the pe-

duncles opposite the leaves the former are as certainly terminal, the leafy prolongation

of the stem being in reality an axillary branch. (Note 2.)

The most interesting part of a biological study of Ger-anium is that relating to its

pollination, and in this respect it has a historical iuterest, for it was the detection of tufts

of hairs friugiug the bases of the petals in G. sylvaticam, which led Sprengel just a

century ago to examine the flowers closely in an eff'ort, if possible, to determine their

use, for he was utilitarian enough to believe that not even a hair grew without purpose.

His study, cari-yiiig him farther than he had at first anticipated, led to the publication, in

1793, of a work wliich he quaintly styles the "Disclosed Secret of jSTature," which not

only contains much of scientific value, but is one of the most intei-esting biological

treatises ever written, and, guiding the researches of Darwin, Miiller, Delpino, and many
other observers, has contributed not a little to the foundation on which the theory of

evolution by natural selection i-ests.

ISTo great attention has been given to the pollination of our American species; but, so

far as they have been observed, the facts agree closely with those brought out by Miiller's

study of the same or related species in Germany, so I cannot do better than refer to his

admirable account of the latter.^ I may add that the larger-flowered species are conspic-

uously protandrous, their two sets of stamens becoming erect, and dehiscing successively

at the centre of the flower, which, after their anthers have fallen, is occupied by the now
expanded stigmas; while in the species with smaller, less conspicuous flowers, the dura-

tion of the staminate stage is much shortened, or, in G. j^usillum, where the number of

stamens with anthers is reduced one-half, the flowers are synacmic or slightly proto-

gynous and certain of self-pollination if crossing is not secured.

The large-flowered species are, in the main, incapable of self-pollination, and depend

exclusively (except in occasional synacmic flowers) upon the good ofiices of insects,

chiefly bees of diflerent kinds, which are attracted by the conspicuous petals, the veins

of which point to an abundance of nectar, secreted by five prominent glands at the bases

of the sepals. This is protected from inclement weather by tufts of bail's fringing the

petals below, and, usually, from creeping insects like ants which cannot effectively bring

about cross-fertilization, by the retrorse or glandular pubescence of the pedicels or stem.

Doubtless the facility with which several of the small-flowered species gain a foothold

in new countries is to be explained by their ability to self-fertilize where they are not

visited by appropriate insects, as well as by their annual habit and abundant seeding.

G- Bohertianum alone, with nar-rower flowers contracted into a sort of tube, is adajited

to pollination by long-tongued insects like the Si/rjyJndae, which visit it fi-eely in Eu-
rope, though I do not know that its American visitors have been recorded. (Note 3.)

The ripening carpels, as they dry, contract in such a manner that the outside is short-

est, so that there is a tendency for their ends to bend outwardly; and, ultimately, after

dehiscing along the ventral suture, they break away at the base and suddenly curve up-

' Fei'tilization of Flowers, p. HO.

MEMOIRS BOSTON SOC. NAT. HIST., Vol.. IV. 12
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wards with considerable force (PI. 10). The segments of the ovary having ah-cady bent

themselves at a sharp angle with the beak, the resnlt of this movement is to throw the

seed, or even the entire carpel, to a considerable distance. So far as I have examined
them in the field, or as the indications of hcrbarinm specimens are to be trnsted, our spe-

cies behave uniformly in this manner (though in L. piisillum the carpels do not bend
abruptly above the ovary) with the exception of G. Rohertiamim (PI. 10, fig. 10) and some
of the other small-flowered species, where the ripened segments of the ovary, though
nominally dehiscent, I'emain closed about the seeds, imprisoning them. To compensate

for this, these segments nearly separate from the stylar appendages, with which, in G.

Robertianmn, they are finally connected only by a pair of slender silk-like bundles of

fibres. "When the style at length breaks away and suddenly becomes arched, these

fibres give way and the ovai'ian segment with its enclosed seed is thrown off with much
force, often to a distance of many feet. (N^ote 4.)

ERODIUM, L'Hcr., Geran. PI. 1-6; Benth. and Hook. Gen., i, 272.

At length mostly caulescent, with often pinnatisect leaves
;
peduncles mostly umbel-

latcly several-flowered; flowers nearly regular, the upper petals a trifle smallest; stamens

with anthers 5, opposite the sepals, alternating with as many sterile filaments; carpels

very sharp-pointed below, covered with obliquely ascending appressed hairs, at most tar-

dily dehiscent ; styles spirally twisted below when ripe, bearded on the inner side ; seed

obconical or oblong, not sculptured; othei'wise as in Geranium.—About fifty sj^ecies,

mostly natives of the north temperate portion of the Old World, some of them widely

distributed as weeds.

Synopsis of ^ortii AMEPacAX Species.

*Leaves round-ovate, with approximated lobes, or not lobed; seed large, 4-5 mm. long.

Pedicels glandular, seeds stout. ...... E. macrophyllum.

Not at all glandular, seeds slender. ...... E. Texanum.

* * Leaves ovate-oblong, with approximate lobes; seed smaller, not over 3 mm. long.

Fruit very small, beak 25 mm. long. . . . . . E. inalachoides.

Fruit much larger, beak 70-120 mm. long.

Leaves pinnatifid with irregularly toothed segments. . . . E. Botrys.

Cauline leaves liipinnatisect Avith linear-oblong segments ; sepals and fruit very

large. ........... E. Ciconium.

* * * Leaves oblong, with remote segments; seed as in the last.

Leaves pinnatifid, or bipiiinatifid, with irregularly serrate segments; stipules obtuse.

E. moschatum.

Leaves bipinnatisect, with narrow shari)-toothed segments; stipules acute.

E. cicutarium.
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1. E. MACROPHYLLUM, Hook. and Arn., Bot. Beeche}^, 327. Aspan to a foot or more
high, bi-anchecl when large, eanescent-hispid and with copious interspersed glandular
hairs, at least on the pedicels ; radical leaves reniform, triangular-ovate, with a broad sinus,

obtuse, doubly crenate or with about 5 round lobes ; cauline leaves subdeltoid, incisely

5-lobed, with coarse round-acuminate teeth; lower petioles longer than the blades; stip-

ules herbaceous, ovate, acuminate
;
peduncles mostly exceeding the leaves, 2-7-flowered

the pedicels somewhat refracted; bracts lanceolate; sepals ovate, with spreading acute

or acuminate-pointed tips, usually searious-margined, purple-veined, at length 12-15 mm.
long; petals 10-15 mm.; beak finally 40-5U mm. long ; divisions of ovary more densely

hairy than in our other species, conspicuously truncate, 3 X mm.; seed 1.5 X 4.5 mm.
—Texas to California.—PL 10, fig. 12.

2. E. Texan-um, Gray, PL Lindheimer, 157. E. macrophnllnm, Gray, Ives' Kep. 8.

Very similar to the last but not at all glandular
;
pedicels and tlower-buds silvery canes-

cent; leaves triangular-cordate, with a broad sinus, obtuse, 3-parted, the cauline often

with sinuses widened below, the basal divisions mostly cleft on the lower side and the

terminal trilobed; sepals abi'uptly acmninate-pointed, 8-12 mm. long; petals purple,

1.5-18 mm. long, sometimes greatly reduced or wanting; beak .50-70 nun. long; divi-

sions of ovary not prominently truncate, 1.5-2 X 9 mm. ; seed .8-1 X 3.7-4 mm.—Texas to

California.—PL 10, fig. 13.

E. malachoides, AVilld., Spec, in, 639, a somewhat glandular, small-flowered plant,

with ovate somewhat incisely 5-9-lobed irregularly toothed leaves, short-pointed sepals

about 5 mm. long, and very small fruit, the beak 25 mm. long, divisions of ovarv 1x4
mm., obliquely truncate, seed .8 X 2.5 mm., has been collected on ballast at ]^ew York
City {Browri).—From the Mediterranean region.—PL 10, fig. 14.

E. BoTRYS, Bertoloni, Amoen. ItaL, 35, with loosely white-\allous stems and petioles,

incisely 5-9-parted ovate-oblong leaves, the cauline with rather narrow acute divisions,

thin ciliate stipixles, pointless sepals 8-9 mm. long, and large fruit, the beak 70-120 mm.,

and scarcely truncate divisions of ovary 1.5 X 11 mm., has been collected in the Sacra-

mento Valley, California ( Greene) and on a refuse-heap in Boston (^Murray)

.

—From
South Europe.—PL 10, fig. 1(3.

E. CicoNiuM, AVilld., Spec, iii, G29, with glandular somewhat canescent stems, ovate

leaves, the cauline bipinnatisect, abruptly awn-pointed sepals at length 8-10 mm. long,

and large fruit, the beak over 70 mm., divisions of ovary 2 X 9 mm., has been collected

on ballast at Philadelphia {Martindale)

.

—Also from the Mediterranean region.—PL
10, fig. 15.

3. E. MOSCiiATUM, "Willd., Spec, in, 631. Villous Avith coai-se thin-walled spread-

ing hairs ; leaves oblong, pinnately divided, divisions 9-13, the lower remote, ovate, in-

cisely lobed or irregailarly biserrate; stipules ovate-deltoid, thin and searious, obtuse;

sepals abruptly mucronate, 8-10 mm. long
;
petals rose-colored, 3-5 mm. long ; beak 40^5

mm. ; divisions of capsule 1X4 mm., obliquely truncate ; seed 1 X 2.5 mm.—California to

Mexico, becoming a common roadside weed. A native of the Mediterranean region, also

introduced into South America and Australia. Said to give an unpleasant taste to milk

and butter when eaten by cattle. The form with rather deeply cut leaf segments ap-

proaches var. ji^mpinellaefoUum, of the next.—PL 10, fig. 17.
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4. E. ciouTARiUM, L'Her., Ait. Hort., Kew, ir, 414; BreAver and Watson, Bot. Calif.

I, 94; Vasey, Rep. Depart. Agric, 1881-2, 253, PI. 22. Loosely white-villous ; leaves

oblong, pinnately9-ll-divided; divisions remote, ovate, pinnatisect with oblong or linear

sharply serrate segments ; stipules scarious, lanceolate, aciite
;
jieduneles about 9-flowered

;

sepals about 8 nun. long, mostly abruptly pointed, the awn tipped with 1-2 long Avhite

hairs; petals rose-purple, about 5mm. long; beak 30-40 mm. ; divisions of capsule 1X5
mm., obliquely truncate; seed .8 X 2.5-3 mm.—Oregon to [N^evada and Texas; also met
with occasionally as a weed or ballast-plant elsewhere (Mich., TutJiill, Bailey; Mass.,

Murray, Lowell, Oal-es; Maine, Farlow; Xcav York, Kniesl-em, Ilolton; Pennsylvania,

Bedfield; Ncav Jersey, Parher; j^cav Brunswick, Hay). Introduced from south Europe.

Flowering in dry places when less than an inch high. Relished by cattle, and said to

impart a pleasant taste to their milk.—PI. 10, fig. 18.

So fiir as their vegetation is concerned, the species of Erodium agree in the main with

Geranium. As a rule they are less branched. (IS^ote 5.) The inflorescence differs

chiefly in that the umbels are more than 2-flowered, and the pedicels are always more

or less reflexed during the maturation of the fruit, to become erect, ultimately.

The flowers are usually turned more to one side when open, than in Geranium, and

this change in their position is accompanied by a slight degree of irregularity, the tAVo or

three petals on the lower side being larger, by Avhich they are fitted to serA^e as an

alighting place for insect visitors— chiefly bees. The flowers are usually distinctly pro-

tandrous, and secrete an abundance of nectar. In the main they differ A^ery little from

those of Geranium in the Avay in Avhich they are pollinated. E. cicutarium has been

shown by LndAvig to be gyno-dioecious. (Note 6.)

The contrivances for dissemination are even more interesting in this genus than in the

last. The fruit is essentially the same in both, the segments of the ovary being ])ro-

longed in flat bands that extend along an axile beak and form the styles above. These

appendages or awns consist in both genera almost exclusively of mechanical (bast) fi-

bres. In Geranium, those forming the outer part conti-act to a greater extent than

those nearer the axis, as the fruit ripens, so that ultimately the base of the awn curves

outwards in a radial plane, as has already been explained. In Erodium the carpels remain

practically indehiscent and are firm and sharp-pointed at the base, gradually enlai-ging

upwards, and are covered below with obliquely ascending stiff hairs, supported at the

base by firm cells projecting from the epidermis of the ovary. The awn is similar to that

of the last genus, but Avhile its outer fibres merely shorten in drying, the inner ones, for

the lower half, contract spirally, so that the I'ipened carpel is not only thrown elasti-

cally from the plant, but the awn ultimately becomes coiled beloAV into a close helix, from

the top of which the upper half bends away in a gradual curve. The awn is also

bearded below, on the inner side, and when it at length becomes twisted, the long loose

hairs point outAvardly in such a manner as to act in some measure as a parachute, favor-

ing the further removal of the fruit by the Avind.

"When moistened, the awns become straight, resuming their coiled form again when

allowed to dry, and repeating these changes with every alternation of moisture and dry-
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ness. Supposing the basal point of the carpel to be slightly caught in the soil, which
readily happens eithei- as the fruit falls or when its movements begin, its withdrawal is

rendered difficult by the stiff ascending hairs with which the ovary is clothed; so that

while the crowding of the awn against bits of stubble, pebbles, or whatever small ob-

jects it may chance to have fallen among, tends to press the fruit farther into the earth

with every movement, whether the result of moistening or drying of the awn, the proba-

bility of its withdrawal, when once caught, is small. In some experiments performed in

my laboratory several years since, by Mr. E. II. Parker, it was observed that after the

fruit had been buried in damp soil for a few days, the awn softened at its base, so that

a pull, which otherwise might have withdrawn the fruit, merely broke away the awn,

Fi-uit of Erodium glaucophyllum, X 2.

thus removing the only source of danger to the self-planted seed, a provision which was
also noticed in Stipa, and has been recorded for these genera by Roux and Darwin
respectively.

The contrivances in the fruit, therefore, are of a double nature, referring not only to

its removal from the parent plant, but to its insertion in the soil when a suitable point

has been reached. It is intei'esting to note that similar provisions are met with in widely

separated genera {Anemo7ie § Pahatilla, and species of Stipa and Aristidci) , not at all

related to Erodium; as well as in Pelargonium, a genus which stands very near the lat-

ter, the fruit of which is less elastic, and consequently more dependent upon the wind
for dissemination, although it is ultimately planted in the same manner.
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Our species of Erodium, including those which have become naturalized or are merely

occasional ballast-plants, belong to the section with the arched upper half of the awn

naked or at most short-pubescent; but in another section, represented by E. glaucophijl-

lum and several other species, this appendage is much elongated, and plumose with a

double series of long silken hairs. There can be little doubt that the carpels of species

of this section are carried about freely by the wind, while they may at length be planted

by the coiling and uncoiling of the lower part of the awn, as in the species already de-

scribed. This may also be expedited by the action of the wind upon the plumed awn,

after the fruit has once caught in tlie soil, as I have convinced myself by grasping the

ovary between my thumb and finger, and Ijlowing irregularly upon the plume; the re-

sult in every instance being to crowd the ovary down several milHmeters in a short

time. (Note 7.) Here again it is interesting to observe an identical conti-ivance in

Sti'pa pennata and related species, which differ from others of the genus in possessing a

long-plumed awn.^ Monsonia, a close relative of Erodium, likewise inchides species

with plumed and plumeless fruit.

LIMNANTIIEAE.

Flowers regular, very slightly perigynous, 3-5-merous, homogone; sepals valvate,

persistent and somewhat enlarged in fruit; petals convolute or open, withering-persist-

ent; stamens twice as many as the sepals, all Avith anthers; glands opposite the sepals,

evident; carpels opposite the sejials, their 1-ovnled ovaries distinct, the style rising from

the centre; fruit a series of semi-drupaceous rugose-tubereulate nutlets.

—

Llmnantha-

ceae of continental writers ; two genera, exclusively IsTorth American.

LIMNANTHES, R. Br., Loiulon ;ind Ediiih. Pliilos. Mag., n, 70;Boiith. and Hook., Geii., i, 274.

Rather succulent annual herbs with alternate once to thrice pinnately dissected peti-

oled mostly estipulate leaves; flowers solitary at the ends of bractless axillary peduncles,

4- or mostly 5-merous; petals obovate-cnneate, mostly emarginate, convolute; filaments

distinct, somewhat dilated at base, their tips at first recurved outwards; anthers at length

introrse; style about equalling the stamens; seed exalbuminous, closely invested by the

pericarp; embryo straight, with plane cotyledons. Eloerkea, Baillon, Adansonia, x, 362;

Hist, des PL, v, 20, in part.—^Four species, confined to the Pacific slope.

1. L. ALBA, Hartweg, Benth., PI. Hartw., 301. A span or two high; yonng leaves and

flowei'-bnds very white-lanose ; leaves remotely 5-9-divided, the divisions linear-oval,

mostly 10-15 mm. long, entire, 3-lobed or trifid; sepals ovate-lanceolate, acute or acumi-

nate; j)etals pale yellow or white, emarginate or truncate, 10-12 mm. long; stamens about

' The experiments of Mr. Parker witli this grass (wbicli tliis force alone is sufficient to bury the grain completely

consisted in Ijarely starting tlie point of the fruit in loose in sanily soil within twenty-four hours, while the hygro-

eartli, anil placing it where tlie air from a sliglitly opened scopic action of the lower part of the awn is also efficient,

window blew upon it iutermitteully) demonstrated that See, further, Lubbocli, Kept. Brit. Assoc. 1881, 6G8.
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half as long as the petals, anthers 2 mm. long; fruit obovoicl-pyrifonn, prominently

rugose-tuberculate, 2.5 X 4 mm.—California. A low plant, with petals no longer than

the sepals, is found near Yreka by Greene.—PL 12, fig. 19.

2. L. DouGLASir, R. Br., I. c. Floerl-ea Douglasii, Baillon, I. c. Glabrous; sepals

narrower; petals deep yellow, pale-margined, occasionally rosy tipped, conspicuously

veined, spatulate-cuneate and emarginate, to obcordate-cuneate ; fruit varying from nearly

smooth to strongly tuberculate ; otherwise like the last.—California to Oregon.—PI. 12,

figs. 16-17.

3. L. ROSEA, Hartweg, Benth., PI. Ilartw. 301; Brewer and Watson, Bot. Calif.

II, 438. Yery similar to L. Douglasii; leaf-lobes usually narrower and linear; petals

mostly broader and, like the stamens, marked by numerous very delicate interrupted

longitudinal rose-purple lines; fruit very rough.—California. Perhaps no more than a

variety of the last. FloAvers heliotrope-scented.

4. L. Macounii, n. sp. FloerTcea j)roserpinacoides, Macoun, Kept. Geol. Surv. Can-

ada, 1875-6, 192; Cat. Can. PL i, 91, in j^art. Limnanthes Douglasii, Macoun, Cat.

III, 502. Gla])rous, 2-3 inches high; divisions of the leaves 5-9, remote, 3-6 mm. long,

ovate, mostly 3-cleft, their lobes broad and very acute ; flowers 4-merous, not showy as

in the other species; sepals oblong, rather obtuse, enlarging somewhat in fruit; petals

white (?), oblong-cuneate, erosely truncate, 3-4 mm. long; stamens about equalling the

petals, anthers .4mm. long; fruit obovoid, 3 mm. long, with very prominent tubercles.

—Vancouver Island (^Macoun). Collected only once, in 1875.—PL 12, fig. 18.

FLOERKEA, WilUL, Neiie Schr. Gesellsch. iiaturf. Fr., Berlin, in, 448; Benth. and Hook.

Gen., I, 275.

Flowers 3-merous; petals oblong, entire, shorter than the sepals, open in aestivation;

otherwise as in Limnanthes, which, as Baillon, Eichler, and others have shown, is much
too close.

1. F. PROSERriNACOiDES, "Willd., I. c. F. lacusfris, Pers. F. prdastris, lHwii. F.

uliginosa, Muhl. Cabomha 2>innata, Rom. and Schult. Nectris pinnata, Pui-sh. Gla-

brous, weak-stemmed, a span to a foot high; divisions of the leaves mostly 5, lanceo-

late or occasionally elliptical, 10-15 mm. long, remote; flowers very inconspicuous;

sepals ovate, acute, enlarging in fruit; petals white, 1-2 mm. long; stamens about

equalling the petals, anthers .2 mm. long ; fruit subglobose, loosely tuberculate above,

3-4 mm. long.—Rich, damp woods, Canada and New England to Oregon and Califor-

nia; south to Pennsylvania and Missouri.—PL 12, fig. 20.

The Limnantheae do not appear to have been much studied from a biological stand-

point. In the large-flowered species the abundance of nectar is advertised by a pro-

nounced fragrance as well as by the color of the corolla, the veins or striae of which also

serve as nectar-marks. They are said to be much visited by bees, and are clearly
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adapted to i^ollination by these insects. Darwin^ has shown that the flowers are fertile

with tlieir own pollen. Floerhea and, apparently, Limnanthes Macoumi, with smaller,

inconspicuous flowers, are apj^ai-entl}" adapted to pollination by small bees and are likely

to be found fully self-fertile, but no ol)servations have been made on them. The seeds

of both genera are enclosed in integuments consisting of lirown, rather thin-walled

cells, the outer and inner layers of which arc collapsed and closely surrounded by the

indehiscent, rugose-tuberculate pericarp, which is soft, and consists externally of thick-

walled, rather pale cells, some of which, on the outside, develop into thick-walled, ver-

i-ucose, rounded papillae. I am unable to offer any suggestion concerning their dissem-

ination, or the use of the peculiar roughening of the pericarji. (]N'ote 8.)

OXjVLIDEAE.

Flowers regulai', 5-merous, homogone or hetei'ogone; sepals imbricate, persistent;

petals convolute, distinct or somewhat united near the base, deciduous; stamens twice

as many as the sepals, sometimes with an additional set of auricles or sterile scales;

glands greatly reduced or wanting, alternate with the sepals when present; carpels

alternate with the sepals. Oxalideae of continental writers.—Five genera, three of them

confined to tropical Asia, one South American, the other widely distributed.

OXALIS, L. Gen. n., 382 ; Benth. and Hook. Gen., i, 276,

Annual or perennial often bulbiferous herbs, sometimes suffrnticose or frutescent,

with compound petiolate mostly estipulate leaves; stamens ten, monadelphous below,

in two sets of different length, all antheriferous ; ovary somewhat lobed, forming a

loculicidal capsule tipped by the persistent distinct styles; seed with a longitudinally-

dehiscent arilloid outer coat, the firm more or less viscid inner integument usually

sculptured; embryo straight, with plane cotyledons, in abundant albumen. Oxys of

older writers.—About 220 species, mainly in South America and Africa.

Synopsis of Xorth American Species.

*Caulescent ; flowers yellow, sometimes, like the rest of the plant, tinged with red-pur-

ple.

Leaves unifoliolate, with free setaceous stipules ... 0. dicliondraefolia.

Leaves pinnately trifoliolate, estipulate ..... O. Berlandierl.

Leaves palmately trifoliolate, estipulate or with short adnate stipules; leaflets subses-

sile, more or less obliquely obcordate-cuneate.

Leafy branches from a stout Avoody caudex 0. Wrightii.

' Cross and Sell'-ferlilizatioii, Index.



NORTH AMERICAN GERANIACEAE. 87

Stems not fVom a caudex, but mostly perennial from slender rootstoeks.

Flowers usually small, homogone, the styles about equalling or longer than

the longest stamens Q. corniculata.

Flowers large and showy, heterogone or appearing so.

Repent, with adnate stipules; flowers doubtfully trimorphic.

O. corniculata, var. (?) macrantha.

Erect, stipules none; flowers cleai-ly trimorphic.

Low, slender-stemmed; leaflets not margined (Oregon). O- Siiksdorfii.

Tall and rather stout, leaflets dark margined (Middle States). O. recurva.
* * Acaulescent; leaves and scapes from the end of a slender perennial scaly rootstock;

flowers white or pinkish, somewhat yellow at base and mostly red-veined, homogone;
leaves palmately trifoliolate.

Scapes 1-flowered; capsule round-ovoid . . . . , . O. acetosella.

Scapes umbellately several-flowered; capsules linear . . . O. trilliifolia.

* * * Acaulescent; leaves and scapes from a scaly bulb; flowers heterogone, rose-violet;

leaves palmately 3-10-folioIate; sepals (and usually leaflets) tipped with orange callos-

ities.

Leaflets constantly 3.

Obcordate or transversely lunate-oblong; capsule round-ovoid . O. violacea.

Obcordate-deltoid ; capsule linear-oblong ..... O. latifolla.

V-shaped; capsule ovoid-oblong O. vespertilionis.

Leaflets 3-5 (mostly 4), deeply obcordate O. divergens.

Leaflets 5-10, narrow, deeply notched, bilobed, or Y-shaped . O. decajjhylla.

1. O. DiCHONDRAEPOLiA, Gray, PI. "Wright., i, 27. Caulescent, a span to a foot high,

perennial, appressed-pubescent; branches spreading or procumbent, woody and rough-

barked at base; leaves unifoliolate, leaflet round-ovate, wavy-margined, cordate, abruptly

depressed and mucronate at apex, 12-30 mm. long; petiole as long, or somewhat exceed-

ing it; stipules setaceous, free from the petiole, often 10mm. long; flowers homogone

(?), 12 mm. long, solitary on axillary peduncles equal to or surpassing the leaves, and with

two setaceous bractsnear the summit; sepals triangular-lanceolate, acute, dilated at base;

petals spatulate, entire, submucronate and slightly ciliate above, half as long again as the

calyx; capsule round-ovoid, 10 mm. long, pubescent; seeds about three in each cell, with

prominent tubercles arranged in transverse, more or less oblique I'ows, 1.4 X 2.2 mm. —
N'ew Mexico {Wright) and Texas (Berlandier, Wright, Palmer, Reverchon) to Mexico.

—PI. 11, fig. 1.

2. O. Beulaxdiepj, Torrey, Bot. Mex. Bound., 41. Caulescent, a span or less high,

perennial " from a slender subterranean rhizoma," somewhat woody below and much
branched, gray- or rusty-pubescent; leaves pinnatcly trifoliolate, estipulate, on petioles

about 15 mm. long; terminal leaflet obovate-oblong, 10-15 mm. long, on a stalk half as

long, lateral ones smaller, opposite, oblong, very short-stalked, all obliquely emai'ginate

at apex, nearly glabrous above; flowers heterogone (?), about 12 mm. long, umbellate at

the ends of axillary peduncles about equalling the leaves; umbels mostly 3-flowered

;

pedicels usually shorter than the flowers; sepals lanceolate, acute; petals obovate, suben-

MEMOIRS BOSTON SOC. NAT. HIST., VOL. IV.
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tire, thrice as long as the calyx; capsule ovoid, about 5 mm. long, pubescent; seeds 1-3

in each cell, fusiform, somewhat flattened, with 8 prominent longitudinal zigzag wings
or rows of teeth, .8 x 1.6 mm.— Texas {Berlcmdier, 1094, 2524, Boundary Commission,

ScJiott, 149) ; not collected recently.—PL IT, fig. 2.

3. O. Wrightit, Gray, PI. Wright., t, 27. Caulescent, perennial from a stout, conical,

subterranean caudex, at the apex of which the decumbent leafy branches are clustered,

otherwise very similar to the next.—Arizona and Indian Territory to Texas, extending

into lower California and Mexico. An Arizona specunen ( W. F. Parish, 32) is densely

gray-tomentose below.—PI. 11, fig. 3.

4. O. coRNicuLATA, L. Spec, 435. O. pusilla, Salisb. Caulescent, an inch to a span

or more high, annual or perennial, slender-stemmed, erect or procumbent, in some forms

rooting at the nodes, gray or rusty strigose-pubescent ; leaflets 3, obcordate, broader

than long, 10-15mm. wide, the long slender petioles dilated below the basal jnilvinus into

round or truncate ciliate stipules; flowers 5-8 or in some forms 12 mm. long, solitary

or usually paired, on bibracteate peduncles equal to or exceeding the leaves; pedicels

mostly longer than the flowers, i-eflexed in fruit; sepals oblong, rather obtuse; petals

obscurely crenulate or emarginate, aljout twice as long as the calyx; styles about equal-

ling the long stamens, or, in larger-flowered specimens, exceeding them; capsule erect,

oblong, 10-20 mm. long, strigose; seeds about ten in each cell, but var^dng greatly in

number, ovate, acute .above, much flattened, with 1-3 deep marginal grooves and num-

erous transverse ridges somewhat interrupted by two low longitudiifal elevations on

each side, .8-.9 X 1-1.5 mm., mostly dark brown when ripe.—Over the entire country;

flowering throiigh the season. A cosmopolitan weed with many forms, several of which

have received specific names, but are now generally united.—PI. 11, fig. 4.

Yar. (?) MACRANTHA. Dccumbent from a stout or slender horizontal rootstock, the

branches erect, a span high, pilose with spreading pointed hairs; leaflets narrower;

flowers pale, 10-15 mm. long, extremely variable in the relative length of stamens (or

perhaps heterogone-trimorphic), otherwise as in the type.—Arkansas to Texas and along

the Gulf to Florida; also in California.—PI. 11, fig. 5.

Some plants are veiy similar to specimens from Australia referred to O. microphijlla

(now regarded as a variety of corniculata) , but are not the form usually known by that

name. If the flowers are truly trimoi-phic this Avill have to be separated from cornicu-

lata. It may possibly be O. 2^'losa, Xutt., of which I have seen only a fragmentary

fruiting specimen, and is apparently O. piimila, i^utt., which I have seen from the Tor-

rey herbarium and that of the Philadelphia Academy, through the courtesy of Doctor

Britton and Mr. Kedfield, so that if it is ever raised to specific rank it Avill have to bear

the latter name-

Var. STRicTA, Sav., Lam. Diet., iv, 683. O. stricta, L. and most authors. O. Dillenii,

Jacq. O.^onrfa, Salisb. 0. Lyoni,V\xv^\i. O./wrca^a, Elliott. Annual, or often per-

ennial by running rhizomes, erect, a span to a foot high, the stem subglabrous to very

villous, but usually only slightly strigose; leaves Avithout stipules; inflorescence in lux-

uriant specimens a dichotomous cyme, in others mubellate; floAvers about 8 mm. long;

petals subentire ; otherwise similar to the type and of like distribution, but beginning

to flower later. According to Eichler the first flower is frequently 6-merous.
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Jacquin, whose illustrations otherwise well represent our exti-eme form of O. cornicu-

lata and its variety stricta, figures the former without stipules, and the latter with
rounded stipules, while the reverse is true.^ Elongated acute stipules, such as Salis-

bury^ and Sowerby^ figure, have not been observed in our specimens, but can readily

be conceived as resulting from the prolongation of the acute outer angle of such trun-

cated stipules as some of our plants possess. The pubescence of most forms of this

species consists of sj^reading or appressed unicellular pointed hairs, with thick verru-
cose walls, intermingled witli which are a very few l)lunt hairs consisting of a sino-le

row of smooth, thin-walled cells. In var stricta the pointed rough hairs are abundant
on the leaflets, pedicels, etc., but they are commonly less numerous on the lowei- part of
the stem and petioles. Where these are hairy (and they are extremely villous in some
plants growing in shaded places), the pubescence often consists almost exclusively of the
thin-walled hairs, which are often of unusual length, and easily show their septate char-

acter under a hand-lens; the same is sometimes true of the capsules.

5. O. SuKSDORFii, n. sp. O. corniculata, Gray, Proc. Amer. Acad., viir, 378. Perennial
from a slender creeping rootstock, slender-stemmed, erect, a span or two hio-h, more or
less jiilose, or loosely villous; leaves estipulate, long-petioled, trifoliolate, leaflets deeply
oljcordate, with unequal lobes as much as 25 mm. wide; flowers mostly paired on lono-

axiUary peduncles, heterogone-trimorphic, bright yellow; bracts subulate; sepals obtuse,

downy
;
petals thrice as long as the calyx, 15 mm. long, wavy-margined, not emargi-

nate. Fruit not seen, but presumably as in 0. corniculata.—In woods; Oregon (Nut-
tall, Hall, Henderson, Suksdorf) ; collected in June by Mr. Suksdorf.

6. O. RECUiiVA, Elliott, Bot. S.Car. and Georgia, r, 526. Annual (?) or perennial from
a slender rootstock, erect, simple, 1-2 ft. high, glabrate or somewhat soft-villous; leaves

long-petioled, estipulate; leaflets large, as much as 60 mm. wide, broadly obcordate with
a shallow sinus, somewhat pubescent and ciliate, narrowly margined with broAvn-purple •

flowers mnbellate or suljcymose, 12-15 mm. long, yellow, brown-striate at base, hetero-

gone-trimorphic; otherwise similar to O. corniculata, var. stricta.—Open woods, etc.

Carolina {fide Elliott) ', to Pennsylvania (Carey), west to Ohio {Lea, Lloyd) Indiana

{fide Barnes, Bot. Gaz., ir, 21) and Tennessee {Oattinger). Flowering from May to

June or the early part of July.—PI. 11, fig. 6.

Elliott based his description on the short-styled plant, Avliieh he says is "ver}^ common
near Charleston, intermingled with 0. stricta, with which it has been confounded."
Carey, whose specimens, so far as I have seen them, were all long-styled, regarded it as

O. Dillenii, from Avhich, however, it is quite distinct, judging from the figure, in Dil-

lenius's Hort. Ethel., ir, PI. 221, on which the latter is based, and a single flower of the

original of the figure, kindly secured for me, at Oxford, by Dr. Gray. Lea, who appears
to have studied it carefully about Cincinnati, contributed a suite of specimens, repre-

senting the three forms of flowers, to Torrey, but was apparently misled into considering

the length of stamens and pistil merely variable, trimorphic heterogony not havino- then
been discovered. I am indebted to Mr. C. G. Lloyd for a suite of specimens from the

vicinity of Cincinnati.

' Oxalis Monogr., PI. 4-5. = English Bot , PI. 1720; Third ed., PI. 321.
= Trans. Liuu. Soc, il, PI. 23, flg. 5.
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7. O. ACKTOSELLA, L. Spec, 433. O. Americana, Bigel. O. Montana, Raf., Annals of

Nalm-e, i, 12. Acaiilescent, pereiuiial by a slender sini])le or sparingly branched root-

stock, more or less rusty-pubescent ; leaves few (usually 3-G) a span or less high
;
pet-

ioles slender, articulated Avith their dilated bases, that jici-sist on the rootstock clustered

at the end of each years groAvth; leaflets 3, broadly obcordate, with a minute append-

age in the narrowed base of the sinus; scapes solitary or few, slightly exceeding the

leaves, 1-flowered, 2-bracted about an inch below the flower; bracts broad and rather

obtuse; flowers open cui^-shaped, 10-15 mm. long, homogone (but usually appearing as

if the long-stjded form t>f a trimorphic species); sepals ovatc-oblong, rather obtuse;

petals 3-4 times as long as the calyx, eniarginate; capsule sul)globose, 2-3 mm. long, its

cells 1-2-seeded, glabrous; seeds ovoid, acute above, with about 5 shallow longitudinal

grooves on each side, and obscurely pitted.—Damp woods from the mountains of Xorth

Carolina far northward, where it ranges from the Atlantic to the Saskatchewan. Also

found in Europe, Asia and Xorth Africa. Recurved scapes bear cleistogene flowers,

mostly concealed among the moss, etc., at the base of the plant.—PI. 11, fig. 7. A form

with deeper-colored flowers found in Xew Brunswick, etc., is var. suhpurjmrascens,

DC. Prod. I, 700.

Var. Oregana. O. Oregana, Xutt. in Torrey and Gra}^, Fl. X. Am., i, 211. 0.

acetosella, Hook., Fl. Bor.- Amer. i, 118. Larger in every way and more rusty-pubescent,

as much as a foot high and with leaflets in extreme cases over 40 mm. long ; floAvers 20-

23 mm. long ; capsules 10 mm. ; seeds 2.5 x 3.5 mm. ; otherwise as in the type.—Califor-

nia to Washington Territory. The description of fruit and, in part, of inflorescence, in

Botany of California, i, 96, relates to the next species.—PI. 11, fig. 8.

8. O. TiiiLLiiFOLiA, Hook., Fl. Bor.-Amer., i, 118. O. macro-pliylla, Dougl. in Hook. I. c.

O. Oregana, Brewer and AVatson, Bot. Calif, i, 96, in part; Cray, Proc. Amer. Acad,

viir, 378. Habit of the last, sparingly pubescent or glabrate ; leaves a span to a foot

high, leaflets 25-45 mm. long and usually about as broad; scapes mostly several, a little

longer than the leaves, iimbellately about 6-flowered; pedicels at length equalling the

capsules; bracts acute; flowers small, 5-12 mm. long, homogone; petals deeply eniar-

ginate or bifid and nearly white; capsule linear, 25 mm. long, its cells about 6-seeded,

glabrous; seeds red-brown, oblong, obscurely coarse-pitted and somewhat longitiidinally

striate, 1 X 2.2 mm.—Damp woods, Washington to Oregon.—PI. 11, fig. 9.

9. O. vioLACEA, L. Spec. 434. 0. longiflora, L. O. j^idchella, Salisb. Acaulescent,

perennial from a stout brown bulb with rusty-ciliate scales, glabrous or the pedicels and

bases of the leaves glabrate ; leaves several from each bullj, a sjjan or less high, leaflets

3, about 10 mm. long, broadly obcordate with an open sinus, the midrib tipi^ed on the

lower side with a pair of usually prominent confluent orange callosities'; scapes several,

mostly about twice as long as the leaves, umbellately 3-12-flowered; pedicels at length

rather longer than the flowers ; bracts acute ; flowers 15-20mm. long, heterogone; sepals

ovate, obtuse, with two more or less confluent orange callosities on the outer side at the tip

;

petals thrice as long as the calyx, undulately obtuse or truncate, rose-purple or sometimes

white ; capsule round-ovoid, about 5 mm. long, its cells about 3-seeded, glabrous ; seeds

' These callosities, or so-calleil glands, are comniou to the same nature occurs around the lower surface of the

many species of this section of Oxalis. In 0. Miirtiana, hi- leaflets.

ptirCtta,etc., an intraniarginal series of small callo.sities of
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comjjressed ovoid, irregularly riigose-tiiberculate, 1.5 mm. long.
—

"Woods, Vermont to

Florida, west to the Kocky Mountains and Texas ; the western form common in di*y

open groves.—PL 11, fig. 10.

10. O. LATiFOLiA, HBK., d^ov. Gen., v, 237, PL 467, var. Aeaulescent, a sjjan or

more high, from a small scaly bulb which bears numerous subterranean bulbiferoxis

shoots two or three inches long, subglabrous ; leaflets 3, without apical callosities, very

broadly obcordate-deltoid with oblong divergent lobes, more or less ciliate; flowers

about as in the last; alternate filaments with lateral auricles; capsule (immature) linear-

oblong, 10 mm. long, its cells about 5-seeded; seeds flattened, ovate, acute above, trans-

versely rugose, with aboxxt 4 longitudinal grooves on each side, .75 X 1.2 mm.—Arizona

i^Pringle, 1881, no. 300, Lemmon, 2654), from Mexico and South America. Leaves

smoother, less conspicuously veined and more deeply parted than in the figure cited, and

the stamens different, but agreeing well with various Mexican specimens referred to O.

latifoUa (e. g. Botteri, 1122).—PL 11, fig. 12.

11. O. VKSPERTiLiONis, Torr. and Gray, Fl. IST. Amer., i, 679. O. Drummondii,
Gray, PL AWight., ir, 25; Torrey, Bot. Mex. Bound., 41; Watson, Index, i, 153. Hems-
ley, Biol. Centr. Amer., i, 163. Aeaulescent from a scaly bulb, glabrous ; leaves few,

about a span high, leaflets 3, open V-shaped, more or less conspicuously calloused in the

sinus, the linear blunt lobes 10-25 mm. long, usually 5 mm. or less wide; scape nearly

twice as long as the leaves, mostly solitary, umbellately about 6-flowered; pedicels at

length an inch long; bracts acutish; sepals with 4-6 narrow callosities, flowers other-

wise about as in O. violacea, heterogone; capsule ovoid-oblong, somewhat pubescent,

10 mm. long, its cells about 4-seeded; seeds as in 0. decaphylla.—Texas {Lindlieimer,

175, 341, 457, Wright, 716, Drummond, 8).—PL 11, fig. 13.

12. O. DiVERGENs, Beuth., PL Hartweg., 9. O. vesjiertilioms, Gray, PL Fendler., 27.

O. violacea. Gray, PL Wright., i, 27, ir, 25. An inch and a half to a span high, glal)rous

(or somewhat hairy ?), with the flowers and habit of O. violacea. Leaflets 3-5, mostly

4 deeply obcordate or cuneate-bilobed, without an apical callosity, 10-20 mm. long and
about as broad, the sinus extending to the middle, lobes divergent, mostly narrowed up-

wards; fruit ?— IS^ew Mexico (Fendler, 91, Wright, 908) and Arizona {Rushy, Septem-

ber, 1883), from Mexico.—PL 11, fig. 11. Similar to O. tetraphglla, Cav., but smaller. A
large specimen distributed by the Department of Agriculture without locality or date

may possibly be the latter.

13. O. DECAPHYLLA, HBK., I^. Gen., Sp., V, 238, PL 468. Aeaulescent from a more or

less hairy bulb which produces short-stalked bulblets, glabrous ; leaves several, about a

si^an high; leaflets 5-10, linear-obcordate-Y-shaped, 20-35 mm. long, the sometimes

sparingly ciliate lobes 3-5 mm. wide, midrib ending abruptly, not callous-tipped; scapes

mostly twice as long as the leaves, umbellately about 10-flowered; flowers heterog'one

about as in 0. violacea, but the sepals mostly with 4-6 callosities; cajjsule ovoid-oblong'

8mm. long, its cells about 4-seeded; seeds pale brown, comj^ressed, round-ovoid, longi-

tudinally 8-10-creased and transversely wrinkled, .7 X .9 mm.—Arizona ( Greene, 1880

no. 211, Pringle, 1881, 301, Lemmon, 2653) and :N'ew Mexico ( Wright, 909), extending

into Mexico. In some Mexican specimens, aj)parently to be referred here, the scape
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and petioles are piiberuleiit or loosely villous, and the leaflets are occasionally somewhat

hairy. It should be noted that our flowers of this species and O. latifoUa are much
larger than those figured by Kunth.—PI. 11, fig. 14.

A comparative biological study of the species of this genus, with abundant material,

would be of unusual interest. Those like O. corniculata, var. stricta, which produce

leafy stems, but spread by subterranean shoots, show how the caulescent type may be

connected with the acaulescent, as represented by the acetosella group, which produce

their leaves and flowers from the apex of a slender rhizome. These forest-inhabiting

species, with persistent stipular-dilated leaf-bases aggregated about the terminus of each

year's growth, wliile the scales are remote elsewhere, pave the way for the violacea group,

many of which are prairie or desert species. In some tropical American species of this

group, the so-called stipe, rising to the surface of the ground, is sparingly scaly, sug-

gesting the rhizome of 0. acetosella, while the subterranean part of O. enneaphylla

mi^ht be called with almost equal propriety a stout scaly intei-rupted rhizome, or a

closely aggregated series of bulbs. But, in the majority of these species, vegetative

propagation is effected by bulbiferous shoots, the bases of which disappear after a time,

while the inner leaf-bases persist at the apex as fleshy reservoirs of food, and the outer

scales, at length dry and sclerotic, usually villous-ciliate or quite hairy, sparingly

glandular and charged with resiu-cells, serve as protecting organs. The earliest vege-

tative energy of these bulbiferous plants in early spring goes to the expansion of foli-

age and flowers, but is soon diverted to the foi-mation of a fleshy tap root, rich in water

which is drawn iipon as the season of abundant moisture is succeeded by the drought of

summer, so that plants that grow in exposed districts are able to mature their fruit,

Avhile those in the woods frequently bloom through the late summer and autumn, hong after

their leaves have disappeared; finally the remaining store of water is applied to the

ripening of the bulb.

Hildebrand,^ who has considered this subject at length, notes, apparently with reason,

that African species, which are exposed to greater heat during the dormant season than

those of America, uniformly produce bulbs that are protected by a thicker scaly coating,

while, by the greater length of their subterranean shoots, they are carried deeper into

the earth. The enlargement of the apices of these shoots with an accompanying reduc-

tion of their scales, or of the apices of slender rhizomes like those of 0. corniculata, var.

stricta, results in tubers such as characterize 0. crassicaulis^ and other species, several

of which bear large and edible tubers.

While these cases may serve to illustrate the modification of the simple caulescent

type in one direction, O. Wriglitii departs from the corniculata type in developing a

stout subterranean caudex, from the summit of which the leafy branches spring, and this

form is much intensified in a group of acaulescent South American species with thick

' Schutzeinriclitungen bei don Oxaliszwiebelii (Ber. ' Ziiccarini : Nachtrag Monogr. Ainer. Oxalisarten,

deutscli. hot. Gessellsch., ir, 108) ; LebeusivciiiaUuisse dei' PI. 2.

Oxalisarten, Jeiia, 1884,—abstract in Bot. Ceutralbl., xix,
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ti-unks, of which 0. articnlata^ is a representative. On the other hand, there is no doubt

that the latter approach the bnlbiferoiis tj])e, through the enneaphylla form already de-

scribed.

Commonly the leaflets are digitately clustered at the end of an elongated petiole ; biit

the pinnate type, represented among our species by O. Berlandieri, is not uncommon in

the tropical American species, and in the section Biopliytmn the elongated leaves consist

of a large number of crowded leaflets. On the other hand the suppression of all but the

terminal leaflet results in the iniifoliolate leaf of 0. dichondraefolia and a few species

that do not occur in our teri-itory; and in O. rusciformis (sometimes quoted and figured

as O.frutescens), the reduction and final abortion of the leaflets, accompanied by an lui-

usual dilatation of the petioles, results in as perfect phyllodia as those of Acacia,—but

these stand with their edges tangential to the stem, not radial as in the latter genus. A
transition to this type is afforded by a considerable series of species in which the petioles

are more or less dilated and efficient in assimilation. On the other hand, Hildebrand^

has jiointed out that the leaves of seedlings of O. Lasiandra are at first trifoliolate,

though the later leaves consist of 7-9 leaflets.

The leaves of Oxalideae have long been IvUOAvn to possess the power of movement in

a marked degree. The change of position of the leaflets at night, so that they are then

exposed to a minimum cooling by radiation— the so-called sleep of the leaves— is a fa-

miliar example. Under the influence of light and warmth, this position is exchanged in

the daytime for one in which they have the best exposure for assimilation; but a sudden

and intense illumination causes the leaflets to close again more or less, and continued ex-

posure to either light or darlvuess for a period of days breaks the I'eadiness of their re-

sponse to either, while it has been shown that if so fastened that they cannot close at

night, they soon become feeble or die.

In Amrrlioa, the leaflets are usually in evident motion, from an intensification of their

circumnutation,— a movement which has been carefully studied by Mr. Darwin in many
plants. In this respect they resemble the small lateral leaflets of Desmodium gyrans, the

common " telegraph plant " of greenhouses. It is also known that the leaves of Bio-

jyhyftwi, to a certain exteut those of Oxalis acetosella, and in a still less degi-ee of other

species, are influenced by shocks, which cause the leaflets to assume the nocturual posi-

tion with more or less rapidity, as in Mimosa, Rohinia, etc. The seat of these different

movements is in the pulvini near the base of the general petiole and of the short stalks

of the leaflets, and in the midribs of the latter.

The flowers of most species are solitary or uuibellately clustered; but in the former

case the peduncle is 2-bracted some distance below the flower, and the umbels are

likewise subtended by two or more bracts. In specimens of O. violacea ^ some of the

branches of the umbel have been observed to branch, and this, with the constant presence of

the bracts referred to, indicates that the inflorescence in these cases is in reality a reduced

cyme. A t3q)ical dichotomous cyme is, in fjict, regularly developed in luxuriant speci-

mens of O. corniculata, var. sfricta^. In 0. Brasiliensis, bulblets have been observed,

'Bot. Magazine, ex, PI. G748. * On this subject see Zuccarini : Nachtrag Monogr. Amer.

-Bot. Zeitmig, 1887, 3. Oxalisarten, 100; WyiUer : I'riugslieira's Jalirb. vviss. Bot.

^Zuccarini: Monogi'. Oxalid., 19; .Taiquiii : ITort. ix ; Eichli r : BUitheuiliagrainme, 11, 80+, etc.

Viiulob. 84, ri. 180.
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replacing flowers, and Plukenet^ states that the flowers of our O. violacea are sometimes

succeeded by bulblets,—an oeciiiTence that cannot be common in the wikl plant.

The flowers are typically open funnel-shaped, expanding in sunshine, the degree of

warmth playing a very imjiortant part in this jii'ocess, at least in some species^ The
stamens are in two sets of unequal length, as in Geranium, etc., Avhile the styles appear

to be typically about equal to the longer set. But in the majority of species the flowers

of different individuals are quite dissimilar in this resjiect, so that these species are what

Hildebrand'' and Darwin* have called heterostyled, or Gray^, heterogone. In Oxalis the

heterogony is typically trimorphism, three forms of flowers existing in about equal num-

bers on difterent plants of a given species, the pistils of one being shorter than the short-

est stamens (short-styled), those of the second being intermediate between the two sets

(mid-styled), while those of the third are longer than either set of stamens (long-styled)

.

Connected with these differences in the length of the pistil are differences in the stamens,

so that the two sets of either form of flower correspond in length res2:)ectively with the

jjistils of the two other forms. Hildelirand, who examined the sjDecimens of Oxalis in

several large herbaria, has recorded his observations on this point in detail*'. But while

the appearance in a majority of cases was that of trimorphism, only one or two forms of

flowers were found in many of the species examined. In most instances, however, these

correspond to one of the three forms that I have characterized. The same may be said

of the man}' figures of Jacquin" and others who have illustrated this genus. It Avas also

shown by Hildebrand^ that in some trimorphic species submitted to experiment, the gi'eat-

est fruitfulness resulted only from the fertilization of a pistil by the pollen from stamens

of its own length,— a rule that has been found to a})ply generally to heterogone plants'*;

and Hildebrand has recently again remarked on the frequent self-sterility of a single

form^". The pollen and stigmas of such trimorphic species as have been examined in this

respect, also show the differentiation usual in trimorphic plants, the pollen grains of the

long stamens being largest, those of the short stamens, smallest, and those of the mid-

length, intermediate in size; while the stigmatic papillae of the long-styled flowers are

longest, those of the short-styled, shortest, and those of the mid-styled, of intermediate

length.

In the examination of herbarium or greenhouse material of trimorphic species, the nimi-

ber of specimens being limited, it may readily happen that only one or tAvo of the forms

are found, when a search in the field among hundreds of individuals would reveal all in

approximately equal numbei-s. But even under these conditions, one or more of the

forms may not be found in localities where an introduced species has multiplied non-sex-

ually", or where but two forms have been introduced; for these, propagated sexually, but

without the intervention of the other forms, may possibly reproduce only themselves^^.

Hence the presumable trimorphism of such species as were known to have one or two of

the forms of flowers usual in such cases has not been generallj^ disputed.

Some years since, having access for the first time to numerous wild plants of a sup-

' Almagestum Bot. i, PI. 102, dg. 4. « Bot. Zeituiig, 1871, 415, 431.

^ Cf. Pfeffer: Physiol. Uiiters. 1873. ' Darwin: Diflferent Forms of Flowers, etc., Chapter 5.

' Monatsber. Berlin. Akad. ISGfi, 3fi9. '" Ilildebraucl: Bot. Zeit. 1887, iios. 1-3.

* Different Forms of Flowers, various places. " Darwin : Different Forms of Flowers, 182.

* Amer. Journ. Soi. and Arts, 3 Ser., xiii, 82. '- llildeljrand: Monatsl)er. Berl. Akad., 18fifi, 373; Bot.

^ Monatsber. Berlin. Al<ad., 1806,351. Zeit., 1887, 5 ;Darwin: Different Forms of Flowers, 268.

' Oxalis Monograpliia, 1794.
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posed trimorphic species {0. violacea) , and observing only long- and short-styled jalants,

I made measurements of the flowers of many plants, but found only these two forms, al-

though the plant is very abundant and a native species. I have since examined a great

many more plants about Madis(jn, Wisconsin, in the vicinity of St. Louis, Mo., and from
central Illinois, without finding a single mid-styled flower; and my correspondents who
have paid attention to the subject have had the same experience. N^umerous hei-bari-

um specimens, representing nearly the entire range of the species, are also all long- or

short-styled. From a careful consideration of these facts, T have been convinced that

this species has become dimorphic from the suppression in some manner of the mid-
styled form, for it cannot be doubted that it is descended from originally trimorphic pa-

rents, since the stamens are still in two remote sets, not as yet coml^irfed in a sin^-le set,

though in flowers of both sorts they apjiear to be somewhat closer together than they
should be in a trimorphic species. Mr. B. M. Yaughan, who studied O. violacea in my
laboratory some j^ears since, thought that he detected an abortion of the pollen of the

mid-stamens in both long- and short-styled flowers, indicating a loss of function that

might be held as indicative of their ultimate disappearance. IIoav far this may be true

I do not know. Mr. Darwin, to whom some of these facts were communicated shortly

before his death, also thought that this might be a trimorphic species becoming or be-

come dimorphic^ I may add that our other species of the violacea group are found only
under these two forms in herbaria, so far as I have examined them; but Hildebrand has
cultivated the mid-stjded form of O. vespertiUonis^.

Our yellow-flowered caulescent species of the corniculata group are more puzzling

than those which have just been considered. In the tyjjical smaller-flowered form of

0. coniiculata and its variety stricta, the styles are a little shorter than, or about equal to,

the longer stamens, and the flowers are unquestionably homogone''. But in the common
villous St. Louis plant, Avhich is regarded as a form of var. sfricta, the flowers are larger

and the pistil appeai-s to have increased in length correspondingly with the petals, as may
be seen from the following measurements, from the base of the flower (Table I). These
flowers might be taken for the long-styled form of a trimorphic species ; but the pollen-

grains from both sets of stamens are essentially of the same size, so that this theory is

untenal)le^, and both corniculata and this variety are to be regarded as merely variajjle

in the relative length of stamens and pistiF.

There are also numerous stipulate specimens which could be referred to O. corniculata

in the broad sense in which that species is understood, if it were not that they are still

larger-flowered and may be trimorphic. I append some measurements of the stamens

' As I stated in the American Natui-alist, in 1SS2, Hikle ^Lebensverhiiltnisse dev Oxalisarten, 3G.

brand fMonatsber. Berlin. Akad., 18fi6, 357,—and recently ^See Hildebrand: Monatsber. Berl. Al^ad., ISfifi, 308;
in Bot. Zeitung, 1887, 22) reports one mid-styled specimen Bot. Zeit., 1887, 37.

of O. riV<;i7''ea, withont locality, in the lierbai'ium of Alex- 'Hildebrand (IMonatsber. Berl. Akad., ISBO, 368-3)

ander Brauu ; and a figure of a mid-styled flower of what found one long-styled specimen of stricta collected by
is called O. violacea is given by Payer (Organogenie, PI. Treviso (but without indication of locality), and one from
11, flg. 10,—copied in Luersseu's Haudb. Syst. Hot., 11, Missouri, while a specimen from Kentucky is said to be
168). I also find several mid-styled specimens under this short-styled.

name, from about Buenos Ayres, in the Gray herbarium, * See Darwin's Different Forms of Flowers, 181.

but they are not our North American plaut.

HEHOIRS BOSTO.N SOC. NAT. HIST., VOL. IV. It
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Table I.—Largefloweietl O. conMCtJLATA, var. stbicta.

Length of Stamens. StnmenB. Pistil. Corolla.

I

I

From one plant. >

From one plant.

3 mm.
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Table III. O. Suksdorfii.

J. Mid-Styled.
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the dorsal suture^ and, at the sHghtest touch, their seeds are expelled in rapid sticcession

to a distance of several feet. In gathering O. corniculata, I have been surprised at the

sudden pattering of a dozen seeds against my face and clothing, while the capsule was
apparently still closed, and it was only on closely examining it that I could convince

myself that it was really dehiscent and empty, the valves remaining close together. The
mechanism Ijy which the seeds are expelled is quite unlike that of any other plant with
Avhich I am acquainted. In the rijiening of the seed the inner integument becomes firm

and hard, while the outer develops into a thick fleshy loose arilloid envelope, that nlti-

mately splits longitudinally on the side opposite the raphe, and, pressing iqjon the some-
what flattened sides of the seed, forces it out, much as a boy would snap an orange seed

from between his thumb and forefingei-.

TAnLE V. O. KFXURVA.
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IMPATIENS, L. Gen. no. 1008; Benth. ami Hook., Gen., i, 277.

Animal herbs with succulent translucent stems, and thin alternate petioled simple

leaves, without stipules ; flowers several, on loosely branched bracteate axillary peduncles

;

sej)als 3, the posterior petaloid, saccate, and mostly slender-spurred; petals 5, the lateral

ones on each side united; stamens luiited somewhat by their appendaged filaments, and
with more or less connate anthers; style almost none; ovary not deepl}' lol>ed, its valves

breaking elastically from their septa and coiling; seed oblong, with four longitudinal

ridges, otherwise nearly smooth, exall)uminous, the embryo straight with nearly plane

cotyledons.— About 135 si)ecies, 20 in Africa; most of the others in tropical Asia.

1. I. FULVA, Xutt. Gen. I, 146. /. lijiora, Walt. /. noUtangere, /?, Michx. I.

maculata, Muhl. Two to four feet high, brancilied, glabrous, somewhat orange or pur-

ple-tinted; leaves usually 2-3 in. long, a little glaucous below, elliptical-ovate, rather

obtuse, coarsely crenate-serrate, the short teeth mucronate or the lower subulate, base

subcordate or mostly acute; lower petioles about equalling the blade, the upper shorter;

peduncles equal to the leaves or the upper longer; pedicels 2-4, each with a single linear

bract about the middle; flowers orange-yellow mottled with red-brown; saccate sepal

longer than broad, rather abruptly contracted to a slender spur Avhich is half as long as

the sac or more, notched at the end, and usually closely incurved; cleistogene flowers

produced in abundance, the coherent nearly i-egular perianth carried up on the maturing-

ovary; capsule oblong, 1-4-seeded; seeds somewhat compressed, 3X5 mm.—Wet places,

Canada to Florida, west to Oregon and Alaska (ifide Ifeehan) ; introduced into England.
Pale, spotless flowers sometimes occur; and others destitute of a spur have been collected

from Massachusetts (Sobbins) to the Columbia Valley (Lyall). Yery similar to the

European /. nolitanyere, which has a more cornucopioid sac with its spur not toothed at

the end, and larger lateral petals.

2. I. PALLIDA, Xutt. I. c. I. noUtangere, Michx. I. aurea, Muhl. Larger in every

way, as much as 5-6 feet high, and paler; leaves sometimes 10 X 17 mm., usually 5X9
or less; flowers pale yellow, less prominently mottled; hooded sepal as broad as long, the

notched spur not so closely incurved and less than one-third its length; bracts ovate,

acute; otherwise like the last.—Wet places, Canatla to Georgia, west to Saskatchewan
and Oregon, nsuall}^ less abundant than the preceding. A pink-flowered form is found

in New York {Dudley, Cayuga Flora, 19).—PI. 12, fig. 15.

The lower teeth of the leaves of some species of ImpaUens are more or less nectar-

iferous at the apex; or, as in the garden balsam (/. balsamina), the petiole also bears

several such glands, which are homologous with the serrations of the blade. According
to Delpino, these are contrivances by which a body-guard of ants is kept on the plant,

for its defence against caterpillars and other enemies.

The flowers of /. pallida and I. fulva, like those of the related European I. noUtangere,

secrete nectar in a spur foi-med from the prolonged posterior sepal, and advertised by
the bright coloring of this sepal and the petals. They are protandrous, and evidently

adapted to loollination by rather long-tongued humble-bees, which find an alighting place
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on the lower petal and the floor of the saecate sepal, and touch anthers or stigma with

their backs while feeding on the nectar. Bennett, the only one who has carefully studied

the flowers from this standpoint, has shown that the appendages on the inner side of the

filaments form a hood which, in conjunction with the jiendent position of the flowers, ef-

fectually prevents self-pollination. The nectar spurs are frequently perforated by hum-

ble-bees, and hive-bees subsequently make use of these perforations to abstract nectar.

Delpino has shown that some exotic species are apparently iDoUinated by lepidoptera,

—

the long-s2>urred /. Sultana, which is now extensively grown as a greenhouse or border

plant, is evidently of this class, and according to Baillon, /. Ilumblotiana, of Madagascar,

is ornithophilous. It should be noted also that humming-birds are not infrequent visitors

to our own /. fulva. Both of our species bear regular cleistogamous flowers on the

axillary peduncles, and the greater part of their fruit results from the fertilization of

these reduced flowers, which are very abundant.

The ripening capsides are in a state of tension Avhich finally results in the outer part

of the valves breaking away below from their septa, which remain, with the seeds, at-

tached to the persistent axile column. The liberated valves then rapidly coil up, strip-

ping or shaking oft" the seeds as they do so, and often throwing them to a considerable

distance from the plant. (Note 12.)

The tribe Pelargonieae, which is not represented in our district, but is well knoAni in

the cultivated ^'geraniums" (^Pelargonium) and nasturtion {Tropaeolum)
,
possesses some

interesting peculiarities connected with pollination, which can only be indicated in the

briefest outline here. The flowers are protandrous, with one sepal produced as a long

spur that is adnate to the pedicel in the former, and free in the latter genus. The epi-

dermis, lining the narrow cavity of this spar, is provided below with short, unicellular

hairs, the walls of which are thickened in a peculiar manner at the apex, the interior of

the swollen tip finally undergoing a mucous degeneration connected with the secretion

of nectar. Occasionally the cavity of the spur is double in Pelargonium, and in abnor-

mal cultivated forms it sometimes disappears; the Avell-marked veining of the, iipper

jjetals, which serves as a nectar-mark, then disappearing also, as Mr. Darwin has shown.

In Pelargonium zonule, etc., the flowers are well adapted to pollination by butterflies.

Owing to their lateral position, their petals are unequal, as has been shown to ]je the

case in Erodium. This irregularity is somewhat intensified in the common "rose-gera-

nium" (-P. graveolens) , and very much so in P. tetragonnm, etc., the flowers of which

Delpino has not inaptly compared with the papilionaceous type of Leguminosae. Not
a few species of this genus are nearly scentless during the day, but extremely fragrant

at night, and in this and other peculiarities indicate adaptation to cross-fertilization by

nocturnal moths. Tropaeolum, with numerous species, presents a series ranging from

such as are bee-pollinated to others which are as clearly ornithophilous. (Note 13.)
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Jannlcke : Beitr. z. vergl. Auatoniie der Geraiiiaceae (Abliandl. Senckenb. naturli. Gesellscli., xiv, Ileft 3; Bot. Cen-

tralbl., XXXI, 36).

1. On the general anatomy of Geranium see Irniisch : Bot. Zeitung, 1874, 5i5, etc. Modified stomata (vvatei'-pores)

of G. Jiobertianum are discussed by Keinl<e; Jalirb. wiss. Bot., x. Tlie appearance of adveutive buds ou the roots, in

some cases, is noted by Warming: Bot. Tidssla-ift, ii; Just, v, 37+. Weiss: Pflanzenhaare, 18G7, and Anatomie der

Pflanzen, 1878, i; Just, vi', 33-4, describes tlie cliaracterislic I'ornis of trichomes.

2. On the inflorescence of Geranieae see Wydler; Jahrb. wiss. Bot., xi, Heft 3; Just, v, 3G2 : Eichler; Bliitliendia-

gramme, ii, etc.

3. On the morphology of the flowers of Geranieae see Franii : Jahrb. wiss. Bot., x; Eichler: Bliithendiagramme,

II; Baillon: Hist, des Plantes, v, etc., where other references are to be found. Instructive observations on terato-

logical flowers of G. liobertiamtm are given by Christ, in the Botanisclie Zeitung for 1887, G, pi. l,as this is being

written.

On tlie pollination of Geranium see Axell : Anordningarna Fanerog. Befr. lOG (several species); Bennett: Journ. Bot.,

1872, 25 {G. Rohfrtianum self-fertile in late autumn) ; Bonnier: Ann. Sc. uat., 6ser., vill, 14G, pi. 8, f. 118-132 (histology

of nectar-glands) ; Bonnier and Flahault: Ann. Sc. nat. C s6r., vii. 111 (brighter color of G. liobertianum at high eleva-

tions) ; Buckley : Fairy Land of Science, 221 (G. sijlvaticum) ; Darwin : Cross- and Self-fertilization, 420 (secretion of nec-

tar after fall of petals in G. phaeum) ; Delpino : Ulterior! Osservazioni, a' (nectary, 97); pollination, 105; early falling of

anthers, 1C3 ; visits of Bh'jwjia rostrata to G. pyrenaictmi, 317) ; Fecond. delle Piante Antocarpee, 30 ; Dodel-Port : Illustr.

Pflanzenleben, Lieferung 7; Errera: Compt. rend. Soc. roy. Bot. Belg. xviii, 15, 42 ((?. phaeum) ;
Errera and Gevaert: I. c.

xvii, 132 (O. phaeum) ; Goodale : Wild Flowers of America, 18 ; Meckel : Comples rend., 1878, ? (nioveraeuts of stamens)
;

Heu.slow: Trans. Linn. Soc. n. s., i, 357-8 (self-fertiliziftion) ; Hildebrand : Bot. Zeit., 18G5 (experiments on G. pratense)
;

Geschlechtervertlieilung, 17, f. 3 ((?. in-atense, protandrous) ; Irmisch : Bot. Zeit., 1874, 565 (normally reduced flowers of

G. sanijiiineum) ; Kerner: Flowers and their unbidden Guests, 112 {G. liobertianum) ; Kirby and Spence: Entomology, 462

(Bees, Epfohis variegatns, sleep suspended by their mandil)les from the beak of G.^j/trtooii, according to Linnaeus) ; Knaggs :

Lepidopterisl's Guide, 88 (lepidoptcra at flowers); Lubbock: British Wild Flowers {G. sijlvaticum, 2; G. pratense, 37

;

comparison of large- and small-flowered species, 43, 72) ; Scientiflc Lectures, 14 (rfisumC-) ;
Mignault: Nat. Canadien, xii,

247; Miiller: Nature (visitors of G. sylvaticum and G. pratense, xi, 33; gynodioicism of G. sijlvaticum, xviii, 519; Weitere

Beobachtnngen, ii, 217-8 (visitors); Befruchtung der Blumen, IGO (comparative study of the German species) ; Alpen-

blumen,— (study of Alpine species); Fertilization of Flowers, 149 (general review of European species) ; Kicca: Attl

Soc. Ital. Sci. Nat , xiii, 256 {G. phaeum) ; I. c. xiv, 252 {G. sanguineum) ; Roth : Beytriige (1783), ii, 70 (nectary) ; Soyer-

Willemet: Le Nectaire, 36 (nectary); Sprengel:Neu entdeckte Geheimniss der Natur (1793) {G. sylvaticum, i,33H; O.

palustre, 335; G. liobertianum, 337; G. sanguineum, pratense, reflexum and molle, 338); Thomson: Trans. Bot. Soc.

Edinljurgh, xiv, 102 (G. microphyllum and molle in New Zealand).

Grieve (Gard. Cliron. u. s., v, 699, vi, 49) gives an account of a supposed hybrid of relargoninm zonale and G. pratense.

On the histology ofthe embryo see Flahault: Ami. Sc. nat., G ser., vi, 112; Gerard: Ann. Sc. nat., 6 s6r., xi, 330.

4. On the mode of dissemination of Geranium see Bischofl": Lehrb. Bot., ii', 470; Hildebrand: Verbreitungsmittel

der Pfl;inzen, 37; Jalirb. wiss. Bot., ix, 2G9, pi. 25( = 3), f. 38. Lubbock: Pop. Sci. Monthly, xix, 164; Flowers, Fruits

and Leaves, 57 (Irom Fortnightly Review); Steinbrinck: Bot. Zeit., 1878, 580; Zimmermann : Jahrb. wiss. Bot., xil,

568, pi. 36. Also Gibson: Harper's Mag., Oct., 1885, 687; Olvers : Bot. Centrabl., xxi, 318 (Just, 1884', 685).

On the seed-structure, see Marloth : Bugler's Bot. Jahrb., iv, 237, pi. 5, f. 9-10; Strandmark : Bidr. till Kannedomen om
Froskalet's Byggnad. Thesis, Lund., 1874, 27, f. 15. The development ofthe embryo is discussed by Hegelmaier: Vergl.

Unters. Entw. dikot. Keime, 1878 ; and Hofmeister : Embryobild. Phanerog., 92 ; and au account of the chlorophyll it con-

tains is given by Flahault: Bull. Soc. Bot. de France, 1879, 2.50-1; Ann. Sci. nat., 6 s&t., ix, 174.

5. For tlie leaf-position of Erodium under varying circumstances, cf. Kraus : Flora, xxxvii, 71. Goeppert has observed

that the leaves or E. cicularinm, like those of a number of other plants, become red during tlie winter months, when

covered by snow, resuming their green color in spring.—Sitzher. Schles. Gesellsch. Naturk., Jan. 20, 1876.

G. On the pollination ot Erodium see Bonnier and Flahault: Ann. Sci. nat., 6 ser., vii, 105 (flowers more brightly colored

in high latitudes) ; Delpino: Ulterior! Osservazioni, ii'', 97 (nectary) ; Henslow: Trans. Linn. Soc. Bot., 2 ser., i, 358 (S.

cicutarium, self-fertile) ; Jordan : Flora, LXix (1866), 251-2, pi. 5, f. 17 (E'. cicutarinm) ; Ludwig: Kosmos, viii, 357 (gen-

eral discussion of pollination); Irrnischia, ii, 5 {E. cicutarium and var. pimpinellaefolium); Bot. Centralblatt, viii, 87

{E. macrademim and E. cicutarium) ; Muller : Kosmos, iv, — ; Wechselbeziehungen, 94-5 (£. cicutarium) ; Weitere Beobach-

tungen, 218 (E. cicutarium) ; Befruchtung der Blumen, 166 (E. cicutarium) ; Feitilizalion of Flowers, 83 (E. cicutarium) ;

Soyer- Willemet : Le Nectaire, 37 (nectar-glands) ; Sprengel : Entd. Geheimniss der Natur {E. cicutarium, 338 ; E. moscha-

tum, 340; Weihe: De Nectariis, 21, 39 (nectar-glands).
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7. On the stvucture, dissemination and self-planting of Erodittm fraits see Asclierson : Jahrb. Berl. Gart., i, 3l.'l, pi. 6;

August (see Hanstein) ; Bischoff : Lelub Bot., ii', 470 ; Cooke : Freaks and Marvels of Plant Life, 281 ; F. Darwin : Trans.

Linn. See, 2 ser., I, 135; DeCandoUe : Physiol. Vfig., II,— ; Delpino: Peosieri, 11; Goodale : Common Plants, 37; Gray:

Amer. Journ. Sci. and .4rts, 3 ser., xi, 158; (August and) Hanstein: Sitzber. naturh. Ver. Rheinl. u. Westph., 18C8, 95;

Bot. Zeitung, 18G9, 530 ; Hildebrand : Jahrb. wiss. Bot., ix, 2G5, pi. 25 (referred to as pi. 3), f. 83-7 ; James : Bot. Gazettei

IV, 209; Lubbock: Pop. Sci. Monthly, xix, 36-1; Flowers, Fruits and Leaves, 88 (from Fortnightly Review) ; Macloskie :

Nature, xxv, 174; Mallet: Mag. Nat. Hist., ix, 22, 10 figures: Mescliajew : Proc. Assoc. Naturalists and Physicians, St.

Petersburg, 1880, 19-20 (Just, viii', 243); Nobbe : Haudl). Samenkunde, 48G, f. 323; G. Rons: Ann. Soc. Bot. de Lyon,

1873, 25; Compt. Rend. Assoc, fran^aise, ii, 582; S:iclis : Text Book, 841; Stearns: Amer. Naturalist, xiii, 413, f. 1-7;

Steinbrinck: Bot. Zeit., 1878, 379, pi. 13, f. 16; Wichura: Flora, 1852, GG, pi. 4, f. 1-2; Zimmermann: Jalirb. wiss. Bot., xii,

570. Also Huth: Monatl. Mitt. nat. Ver., Frankfurt, 1884, 87 pi. 2 (Just, 1884', C85).

On plumose fruits ot Monsnnia see Ascherson, (. c. The dissemination of Pelargonium is discussed by Delpino: Pensi-

eri suUaBioL, 11; F.Darwin: Tr. Linn. Soc, Bot., 2 ser., i, 165, pL 23, f. 5; Hildebrand: Jahrb. wiss. Hot., ix, 268, pi. 25, f.

39, 47-8; Midlet : Mag. Nat. Hist., ix, 23; Stearns: Am. Nat., xiil, 416; Steinbrinck: Bot. Zeit., 1878, Gil; Zimmerraann

:

Jahrb wiss. Bot., xii, 571, pi. 36, f. 25-8. In this genus the contraction of the awn depends largely upon the thick-

ened epidermal cells, while torsion is effected by the meclianical fibres. According to Stearns, Pelargonium fruits are le.ss

readily self-planted than those of Erodium. Several observers have noticed that tlie fruits of Erodium, like those of

Stipa, etc., are injurious to animals when eaten, and may even penetrate the fiesli when they become entangled in their

hair. See various places in Nature; Huth : Kosmos, ix, 277, etc.

For descriptions of the seed-coats see Marloth : Engler's Bot. Jahrb., iv, 237.

The cotyledons of a number of species are described by Godron (Rev. Sc. nat., Sept., 1877) who bases a series of groups

of species on their form.

8. On the morphology of the Limnantheae see Baillon, I. c. ; Almquist: Bot. Notiser, 1879, 109, etc. The movements of

the stamens, referred to above, are also noted by Heckel : Comptes Rend., 1878, i-xxxvn,— ; Just, vi', 317. On the

anatomy of the Embryo see Flahault: Ann. Sc. nat., 6 sfir., vi, HI, pi. 3, f. 21.

9. On the leaf movements of Oxalideae see Baillon : Hist, des Plantes, v, 24 ; De Brignoli (see Morren) ; Bruce : Philos.

Trans., 1785, lxxv, 356; Cooke: Freaks of Plant Life, 243; Darwin: Power of Movement in Plants, various places;

Kolreuter: Annals of Bot., il, 2; Lynch: Journ. Linn. Soc, Bot., xvi, 231-2; Masters: Pop. Sci. Rev., vii, 26: Morren:

Bull. Acad. roy. Sc. Belg., vi', 68, transl. Ann. Nat. Hist., iv, 388; Pfelfer: Physiolog. Untersuchungen, 1873, 74; Period.

Bewegungen Blattorgane, 1875 (Just, iii, 795); Pflanzenphysiologie, ii, 238 ; Virey: Journ. de Pharmacie, Paris, May,

1839, 289, criticised l)y Morren, I. c. 70.

For phyllodia see Zuccarini : Monogr. Amer. Oxalisarten, 10, N:ichtrag, 189; Hildebnmd : Flora, 1875, 324, pi. 8, f. 7;

Bot. Register, xxvii, pi. 41.

10. On the floral structure and pollination of Oxalis see Axell : Anordningarna, 12, 79, 106; Baillon: Adansonia, vii, 97

(0. corniculata) ; Bennett: Journ. Linn. Soc, xvii, 275 (cleistogamous flowers of 0. acetosella) ; Caspary : De Nectariis,

p. 54, f. 20 (nectary of 0. acetosella) ; Darwin : DiHTerent Forms of Flowers, various passages referring to a number of spe-

cies; Delpino: Ulteriori Osservazioni, ii''', 94 (nectar glands) ; Fournier: Fficondation, 51, 59 (cleistogamous flowers and

order of dehiscence of stamens); Fritsch: Beobachtuugen, 24, 25, 2G (time of opening and closing of flowers of 0.

acetosella and 0. stricta) ; Henslow ; Trans. Linn. Soc, 2 ser., i, 359, pi. 44, f. 13, 14; Pop. Sci. Rev., xviit (O. acetosella

a.niXO. cortiiculata); Hildebrand: Geschlechtervertheilung, index; M )natsber. Berl. .A.kad., 18()6, 369; Bot. Zeit., 1871,

415, 431 ; Bot. Zeit., 1887, 1, 17, etc. (heterogony or homogony of many species, and experiments on their fertilization) ;

Meehan : Proc. Phil. Acad., 1880, 350 (c[eistogaraous flowers of 0. acetosella) ; Michalet : Bull. Soc. Bot. France, vii, 465

(cleistogamous flowers of O. acetosella); Mohl : Bot. Zeit., 1863,312 (cleistogene flowers ot acetosella) ; Fritz Mulier:

Jenaische Zeitschrift, 1871, 75 (0. Begnelii [=0. Catherinensis']) ; Roth rock : Amer. Naturalist, i, 71 (cleistogamous flowers)
;

Soyer-Willemet : Le Nectaire, 37 (nectar glands) ; Thomson : Trans. Bot. Soc. Edinburgh, xiv, 102 (0. corniculata and O.

Magellanica in New Zealand); Trelease : Amer. Nat., 1882, 13 (0. violacea) ; Treviranus : Bot. Zeit., 1863, 147 (cleistoga-

mous flowers of 0. acetosella).

11. On the seed structure and dissemination of Oxalis see Baillon : Adansonia, xi (Just, iv, 461, 503) ;"Hist. des Plantes,

V, 24; Bischofl': Lehrbuch derBot., ii', 471) ; De Candolle : Physiol. V6g.,ii,— ; Errera and Gevaert : Bull. Soc. Bot. Belg.,

XVII, 96, 98 ; Elrod : .'imer. Naturalist, xiii, 95 ; Hildebrand : Jahrb. wiss. Bot., ix, 236 ; Lohde : Entwick. und Ban Samen-

schalen, 17, pi. 1, f. 10; Marlott : Engler's Bot., Jahrb. iv, 243; Nobbe: Handb. Samenkunde, 450, 487; Peck: Plants of

Mount Marcy (1880), 406; St. Hilaire: Plantes usuelles des Brasiliens, pp. 3-4 of text to pi. 43; Zimmermann : Jahrb. wiss.

Bot., xii, 573, pi. 36, f. 33; Znccarini : Nachtrag Amer. Oxjilisarten, 193. Also, Gibson : Harper's Mag., Oct., 1885,688;

and Lojacono: Nuovo Giorn. Bot. Ital., xiv, 97 (Just, 1882', 521, where exalbuminous Oxalis seeds are discussed.

Tlie liistology of the embryo is discussed briefly by Flahault: Ann. Sc. nat., 6 s6r., vi, 115.

12. On the general histology of Impatieus see Beyse : Nova .'Vcta Leop. -Carol. Acad., xi.m, 181.

The foliar (exlr:uiupli;d) nectar-glands are con.sidc-red by Bonnier: Ann. Sc nat., 6s6r., vm, 98; Delpino: Prodr. Monog.

Piante formicarie, 188G, 3G; lierner : Flowers and their Unbidden Guests, 137; Reiid-ce : Bot. Zeitung, 1874, 59; Jahrb.

wiss. Bot., X, 1G2.

For the pollination of the genus see Allen: Proc. Essex Inst., iv, 53 (humming birds at /. fnlva) ; Axell: Anordningarna

(cleistogamy, 12, 79; protandry, 106); W. W. B:uley: Bull. TorreyBot. Club, vi, 173 (perfonition of I. fulva by Dombiis)

;

Baillon: Bull. Soc. Linn., Paris, 1881, 286 (Delpino: Tlivista Bot., 1881, 37; Just, i.x', 518) (/. Humholtiana pollinated by

birds); Beal : Am. Nat., xiv, 201; Bennett: Journ. Linn. Soc. Bot., xiii, 147, pi. 3 (Journ of Botany, ix, 376); Pop. Sci.
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Rev., 1873, 345; Jourii. Linn. Soc, xvii, 27C (cleistogamous flowers of 7. nolitangere .and /. fulvn) ; Darwin : Cross- .and
Self-Fertilization, index ; Different Forms of Flowers, 328; Delpino : Fecond. Piante Antoc;irpee, 30 {[. balmmina) ; Ulte-
riori Osserv.izionI, ii- (early falling of aiitliers, 1G3, 172; I. scapiflord, etc., pollinated by Lcpidoptera, 274; 7. iioliutiii/ere

binl pollinated, 330) ;
Desvaux : Le Nectairc, 103 (nectary) ; Errera and Gevaert : Compt. rend. .Soc. Bot. Bel"., xvii, DC.

(cleistojianiy) ; Gravis: Compt. rend. Soc. roy. Bot. Belg., Oct. J), 1880 (cleistogamous flowers of I. iioUtaiigere) ; Gray:
Genera PI. U. S., il, 134; Araer. Journ. Sci. and Arts, 3 ser., xiv, 497 (cleistogamous flowers) ; Ilenslow: Pop. Sc. Rev.,
xviii,—

; Trans. Linn. Soc, Bot. 2 ser., i, 3G0 (I. ;)Oce(^i/ra self-fertile) ; Hildebrand : Farbeii der IJliirhen, 18 (color-vari-
ations in /. halsamina)

; Geschleclitervertlieilnng, 18 (protandry) ; A. de .Jussieu : Monogr. Malpighiac6es, 1845, 85 (cleis-

togamous flowers discovered by Wedde!) ; Von Mohl ; Bot. Zeit., 1863, 313 (cleistogamous flowers of 7. luiHtatu/erp.) ; Loclie :

Bull. Soc. bot. de France, xxiii, 367 (cleistogamy)
; Miiller: Befruclitung der Blumen, 170; Weitere Bvobaclitungen, 219;

Fertilization of Flowers, 160 (7. nolitanyerti) ; Snyder: Amer. Nat. xiv, 126 {l.falvtt bird-pollinated)
; Trelease: Bull. Tor-

rey Bot. Club, vii, 20 (perforation of I. fttlm) ; Weddel,- see Jussieu.

The dissemination of hnpntiens is considered by Bischoff: Lehrbucli fler Bot. ii', 470; Hildebrand: .lalirb. wiss. Bbt.,
IX, 238; Lolide, I.e.; Nobbe : Handb. Sameukunde, 487, etc.

For the structure of the seed-coats see Lohde : Entwickelnng nnd Ban einiger Samenschaleu, Inaug. Diss. Leipzi"
1874, 14, pi. 1, t 6-9; Strandmark : Bidr;ig till Kaunedonien oni Froskidet's Byggnad., Akad. .Vfhandl., Lund, 1874, 29, f.

23.'

The histology of the embryo is described by Flahault : Bull. Soc. bot. de France, xxiv; \\m. Sc. nat., 6 ser., vi. 111-

Gerard: Ann. Sc. nat., 6 ser.,xi, 298, 331, pi. 16; Reinke: Unters. ii. Waehsthum nnd Morpliol. der Wiirzeln, 1871.

13. The principal liter:iture concerning the pollination of Pelarr/otiium will be found in Beal : Amer. 'Naturalist xiv 126
(visits of humming-birds); Darwin: Cross- and Self-Fertilization, various places, and Origin of Species, 145; Delpino:
Ulteriori Osservazioni, ii*, (papilionaceous flowers of P. nUaefolium, 72, 78, 262; protandry of umbels, 158; early filling

of ivnthers, 163; P. nochtrnumtind lohnlum nioth-pollinaled, 274-5; visits of birds, 334) [see also Bot. Mag., xi.v, no. 1986,
on nocturnal fragrance]; Fecond. Piaute Antocarpee, .iO; Difesa Dicogamia, 212; Fournier: Fecondation, lis (protandry)

;

Ilenslow : Trans. Linn. Soc, 2 ser., i, 358-9 ; Mirbel : Physiol, veget., 269, pi. 42, f. 6 (nectary)
; Roth : Beytriige, 1783, ii, 70

(nectary); Soyer Willemet
;
Le Nectaire, 37 (nectary); Sprengel : Eutdeckt. Geheimniss, 340-4 (P. ?acent»i, jowi/e and

quercifiilium) ; Trelease: .\mer. Bee Journal, 1880, xvi, 137 (structure of nectary, with figures of papilhie) ; Amer. Nat-
uralist, xiv, 362 (visits of birds) ; Wallace: Tropical Nature, 275 (self-fertile island species) ; Weihe : De Nectariis, 26,

39 (nectary) ; Westwood : Modern Classification of Insects, ii, 541 (visits of Pangonia rostrata to flowers).

In addition to the references on fruit given above see Delpino ; Pensieri, 11; Stearns: Amer. Naturalist, xiii, 416, on
dissemination; and Strandmark: lUdr. Kiinned. Froskalet's Byggnad., 29, on seed-coats.

For the most important literature relating to the pollination of Tropaeohnii see Behrens : Flora, 1879, x.yxvii, 25,

14,5-153, pi. 3 (nectary); Darwin: Cross- and Self-Fertilization, index; Delpino: Ulteriori Osservazioni, u', (T. Irii-nlor,

251 ; T. mains, 265) ; von Freyhokl
: Nova Acta Leop. -Carol. Akad., xxxi.k, no. 1 (T. peiWiphijUnm)

; Lubbock : British Wild
Flowers, 75 {T.majiis)

; Meyen : Secretionsoigane, 52 (nectary) ; Sprengel : Entdeckt. Geheimniss, 213 (T. majus). On the

seeds, see llofmeisler: Embryobildung der Phanerogamen, 93, and Slrandin:uk : Bidr. Kiinned. Froskalcfs Bvygnad., 30.
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EXPLANATION OF PLATES.

PLATE 9. FOLIAGK OF GERANIUM.

Figs. 1-2. G. inaciilutiiin : 1, r;ulical; 2. caiiline. 3. G. ei'iaiUhum : caiiline. 4-5. G. iiici.sum : 4, railic.il ; 5, cauline.

6-8 G. Riclianlsonii : (J-7, lailical; 8, cauline. 9. G. Freniontii : five leaves, the upper two radical, the others cauline. 10.

G. caespitosum : two leaves, the left-hiiml, radical. H. G. Hernandezii : two cauline leaves. 12. G. .Siljiricuui : cauline

leaf. 13. G. Cai'olinianum : two loaves, the upper radical. 14. G. pusillinn: three leaves, the lowest radical and excep-

tionally large, the others cauline. 15. G. dissectum : cauline leaf. lij. G. rotundifolium : cauline leaf. 17. G. coluuihinum :

cauline leaf. 18. G. niolle : two cauline leaves. 19. G. Robertiaiiuin : cauline leaf.— .\11 reduced one-half.

PLATE 10. GERANIUM AND ERODIUM.

Fij;s. 1-11. Geranium : 1, G. Ricliardsonii; 2, G. Curolinianuin ; 3, G. pusillum; 4, G. niaculatuni; 5, G. nioUe; (5, (J. caes-

pitosum; 7, G. columbinum; 8, G. erianthum ; 9, G. rotundifolium (the summit of the hcaU a little too short); 10, G.

Robertianum; 11, G. incisuni.—All X 2.

Fijis, 12-18. Erodium : 12, K. macrophyllnm, two leaves, carpel and seed; 13, E. Texanum. three leaves, carpel, ami

seed; 14, E. mal.achoides, two leaves, carpel, and seed; 15, E. ciconium, leaf; 16, E. botrys, three leaves; 17, E. moscha-

tnm, leaf, carpel, and seed; 18, E. cicutarinni, leaf, car|)el, and seed.—Leaves reduced one-half; carpels X 2; seeds X 5.

PLATE 11. OXALIS.

Fig. 1. O. dichondrfefolia: leaf and seed (the latter surrounded by its outer envelope). 2. O. Berlandicri : leaf and

seed. 3. O. Wrightii : leaf and seed. 4. O. corniculata : leaf ; a, stipules of two leaves (magnified). 5. O. coriuculata,

var. macrantha: leaf. 6. O. recurva: leaf. 7. O. acetosella: leaf and seed. 8. O. acetosella, var. Oregana : leaf. t). O.

trilliifolia: leaf and seed; a, cross-section of seed. 10. O. violacea: leaf; a, two leaflets of the common form of the prai-

rie states. 11. O. divergens : leaf. 12. O. latifolia: two leaflets. 13. O. vespertilionis : two leaflets. 14. O. decaphylla

:

three leaflets and seed.—Leaves reduced one-fourth; seeds X 20.

PLATE 12. SEEDS OF GERANIUM AND IMPATIENS; FRUIT OF LIMNANTHES AND FLOERKEA.

Figs. 1-14. Geranium: 1, G. iucisum; 2, G. Richardsonii; 3, G. caespitosum; 4, G. rotundifolium; 5, G. macnlatum; fi,

G. Carolinianum; 7, cross-section of same; 8, G. Carolinianum, var. Te.xanum; 9, G. columbinum; 10, G. pusillum.

11-12, G. Robertianum: 11, detached segment of ovary; 12, seed. 13-14, G. moUe : 13, seed, 14, the same in segment of

ovary. 15. Impjitiens pallida: o, cross-section. 10-19. Lirananlhes : lfi-17, L. Douglasii ; «, cross-section ; 18, L. Ma-

couuii; 19, L. alba. 20. Floerkea proserpinacoides.— 1-14, X 20; 16-20, X 10.
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Y. The Taconic of Georgia and the Report on the Geology of Vermont.

By Jules Marcou.

(Read May 4, 1887.)

CONTENTS.
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The Lorraine shales versus tlie Hudson River V. The Report on tlie Geology of Vermont. The
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tural and geological map of the state of New and C. H. Hitchcock ... p. 119
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III. Age of the red sandrock, and section near Georgia, with some paleontological remarks

S wanton p. 114 and some notes on the Graptolites zones of

IV. The supposed overlying great fault of the America ..... p. 122

Georgia formation. The section at Charle-

I. Introduction.

_l HE geology of the eastern region of Lake Champlain and of the whole band of coun-

try extending from Albany and Ponghkeepsie on the Hndson River, varying in breadth

from ten to forty miles eastward and extending north to Quebec, Trois Pistoles and
Cape Gaspe, is, by far, the most difS.cnlt and complicated that I have met with dnring my
forty years' researches in both hemispheres. JSTothing, even in the central Alps, is so

puzzling and intricate.

The slates predominate as a general fact, but there are enclosed among them lentic-

ular masses of ordinary limestone, marble, magnesian limestone, calcareous sandstone

and pure sandstone, varying in size from that of the fist to small islands or even mountains

2000 feet long and 1000 feet broad. At first sight the slates are too uniform to permit

of establishing stratigraphic divisions and easily recognized groups; and the lenticular

masses of limestone and sandstone appear so suddenly from place to place, with such

capricious distribution, that instead of being a help in the classification, they are, on the

contrary, a constant cause of error and considerably increase the difficulties.

The sections are rarely very clear, and require more than ordinary caution in their

surveys and interpretations. Paleontology must be used with a large margin for anom-
alies. Singular apparitions of forms, which otherwise are trusted as sure indications of

certain groups of strata, are very likely to mislead, if not taken carefully with all the

surrounding circumstances attending their j^osition in the rocks. It is more difficult to ar-

rive at the truth about fossils from some parts of the Taconic system than from any other

system of rocks in the scale of geological formations. Even the colonies of Bohemia,

first discovered and described by Barrande, in the second fauna (Cainl)rian) of fossils of

the third fauna (Silurian), seem easier to work out and to accept. We must be contented
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at first to study very minutely and patiently every square yard, stratigraphically as well

as paleontologically and lithologically, at all the localities or special points presenting

puzzles or anomalies; and, if the results are not entirely and fully satisfactory, we must

not be too hasty in giving an explanation and in synchronizing with groups of strata re-

garded as typical. Nothing is so easy as to explain by faults, foldings, transverse up-

throw, dislocations, overturns, overlajis, troughs, etc., but the true difficulties remain

untouched notwithstanding, and we are obliged to return later to the slow process of

patiently repeated observations, on the spot, turning and re-turning every fact, neglect-

ing nothing and trying to explain rationally all that do not agree with the too hasty con-

clusions first arrived at.

However, as in all sciences, one good and original observer is able to combat all others,

and, after all, the efforts of combined and very strong opposition only temporarily pre-

vent the truth from being accepted. Their triumph is of short duration even if it extend

through forty years and more, as is the case with the Taconic system.

Dr. Emmons discovered in 18.38 the oldest series of sediment, which he described in

1842 as a special system independent of all others.^ At first no fossils were discovered,

but two years later, fossils peculiar to it were found, and the "Taconic system" was fi-

nally proposed as forming the base or fii-st step of the column of formations, in which

geologists have divided the stratigraphical history of the earth.

From that moment, the most active membei's of the " Association of American Geol-

oo"ists " took upon themselves to oppose by all means the acceptance of the Taconic sys-

tem. This united opposition very soon became personal, and notwithstanding the death

of some of their contemporaries. Dr. Emmons included, it has remained such, being

transferred to Mr. Marcou, as soon as Dr. Emmons disappeared from the field, at the

end of 1860.

As a rule all the observations and publications of Emmons and Marcou have been os-

tracized and regarded as a priori false and unacceptable. On the contrary, all that is said

by the opposite party is received with consideration and even "with great pleasure." ^

'Previous to Emmons' researches and classifications, coveries of Vanuxem and Emmniis. For more details

several essays, all more or less exclusively miueralogical, concerning Maclure's, Dewey's and Eaton's views, see my
have referred the rocks of the Taconic region to what was paper, " American geological classification and nomen-

then considered as the " geological nomenclature for North clature," which will soon be published.

America." Maclure, Cleavelaud, Dewey, Eaton, E. Hitch- ^ See Quart. Joiirn. Geol. Soc. London, 1882, xxxviii,

cock and a few others collected facts and specimeiis, and 408, in the " Discussion" at the end of Jlr. J. D. Dana's

between 1809 and 1836 they published papers, geological paper, "On the geological age of the Taconic system."

maps and sections, giving all their views as they under- Mr. J. D. Dana in a" Note on the age of the Green Moun-

stood tlie question with their limited linowiedge and the tains" {Amer. Journ. Sc, 1880, 3d ser., xix, 191) says:

very imperfect tools they had in their possession. ' in conclusion, the rcestern half of the i-egion between the

Vanuxem, however, is tlie first who referred the rocks of Connecticut River valley and the Hudson River, that is, the

New York as Transition in his memoir, " On the classifica- western half of the Green Mountains area, is proved to con-

tion and characters of American rock formation" {Amer. sist of rocks that are (1) of Lower Silurian age, etc." By

Journ. Sc, 1829, xvi, 2.5+) ; and it is only from that discov- Lower Silurian he means the Champlain Division,

ery of the exact and true age of tlie great formations of New From 1872 to 188G, Mr. J. D. Dana pul)lished a dozen

York that anything worth recording as classification and papers on the " Geological age of the Taconic system"(See

nomenclature can be quoted. Amcr. ,/onrn. Sc, 3d series, 1872-73, 1877, 1879-82, etc.,

Eaton's and Dewey's views are only mere expedients, and Quart. Journ. Oeol. Soc London, Aug., 1882); always

showing their good will, even their enthusiasm, as collect- insisting that the Taconic schists, the quartzite and liine-

ors of specimens and as teachers, but that is all ; and to try stone, are of the age of the Hudson River group, the

at this late hour to claim for them any share in the classifl- Trenton limestone and Chazy, and denying the existence

cation of the older paleozoic rocks is not justifiable and of the Taconic system.

merely serves to diminish the rightful credit due to the Uis-
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All this shows how hard the struggle has been. After Dr. Emmons, who bravely sus-

tained the opposition almost single-handed during eighteen years, had disappeared for-

ever, I came to the rescue and for twenty-seven years I have struggled, almost alone,

in the same cause. How far I have succeeded, it is not for me to say. Having cai-ried

so long the whole burden on my shoulders, I know only too well how heavy it has been,

and that my adversaries were not always very fair in their opposition. However, the

time seems to have arrived for more just and less passionate discussion, and more steady

progress is now at hand.

The United States Geological Survey has a splendid field of operation. It has al-

ready begun in earnest, and, after some unavoidable waveriug in handling such a difficult

question and as a first result, not only has it recognized the existence of the Taconie
system, but the geologist who has charge of the work accepts already two-thirds of the

strata described by Emmons— that is to say, eighteen thousand feet of strata contain-

ing a part of the primordial founa—as certainly Taconie. One-third, about five or eight

thousand feet, " the black shxtes, Stockbridgc marble and sparry limestone," remains as

debatable ground.

From my own researches in the Lake Champlain region and around Quebec city, I have
not the smallest doubt as to the propriety of including also those stratified rocks as the

upper part of the Taconie system and l)elow the Potsdam sandstone. It is now a ques-

tion of time, and in a few years the whole original Taconie system, as proposed by Dr.

Emmons, will be accepted and regarded as the most precious jewel in the crown of

American geology.

We have now to wait for minute surveys of the region embraced between central

'New York, Quebec, the Green Mountains, the Taconie range and the Hudson River.

"With all the resources of practical stratigraphy, paleontology, lithology, good topograph-

ical maps, detailed sections, geological maps surveyed with great care and exactness, the

U. S. Geological Survey will complete a most important work, for it will be the base

absolutely necessary for the geology of all the eastern, northern, southern and central

part of North America; and, as a pioneer, who during many years of hard and solitary

toil has seen the difficulties and has never despaired of the Taconie cause, I salute with

joy the arrival of new observers, better fitted out and armed than I was, sure that now
the truth will not be kept much longer in the background.

II. Sections around Parker quarrt at Georgia. The Lorraine shales versus

THE Hudson River group. The suppressed Emmons' agricultural
AND geological MAP OP THE STATE OF NeW YorK. CoLONY.

In 1880, I published a resume of my researches around the northern part of Lake
Champlain, under the title: "Sur les colonies dans les roches Taconiques des bords du
lac Champlain" (Bulletin 8oc. Geol. France, 3® ser., ix, 18), with a detailed geological

map, covering the classical ground of Chazy, Isle La Motte, Georgia, Swanton, High-

gate and Phillipsburgh, and several sections in the text and on one plate.

My observations were made at intervals between 1849, 1861 and 1874; and I know
that several portions of the country comprised in my map needed a careful revision in

the field. But travels and very grave illness prevented me from finishing the work, as
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I had intended. However, I concluded to publish my observations as they were, in order

not to lose them, notwithstanding my absence from Caml)ridge—I was then at Salins

(Jura)—and the want of a reference to my specimens, and with only a part of my note-

books in hand, trusting to my memory more than was prudent. So it is not surprising

that I have made some mistakes, and did not give my observations as accurately as they

appeared in my note-books, more especially the notes taken in 18G1, which were left in

Cambi'idge.

The important memoir of Mr. Charles D. AValcott, " Second Contribution to the stud-

ies on the Cambrian faunas of !N^orth America" (^Bulletin U. S. Geol. Sure, No. 30,

Washington, 1886), corrects me in two instances where I have made errors, which were

contrary to all of my observations made in 1861, as entered in my note-book. The
errors on my part ai'c no less true, and I thank Mr. Walcott foi- his corrections.

The first is a lenticular mass of calcareous sandstone enclosed in the cliff of Parker's

farm, a little north of the quarry. By mistake, I have given a section on page 24 of my
memoir, representing a deposit of Potsdam sandstone or red sandrock lying in a sort of

depression or hollow upon the Georgia slates. Mr. Walcott has demonstrated that it is

a lenticular mass containing the same fossils, Olenellus, Bathynothus, etc., as the Geor-

gia slates. He kindly refers to a letter I wrote him, December, 1885, correcting my er-

ror and giving him a co]iy of my section as I find it in my note book of 1861. I give it

now, Plate 13, fig. 1. The lenticular sandstone is enclosed by folded slates around it

except on the top. Its dimensions are: 4:5 feet in length and 20 or 25 feet in thickness.

Several loose pieces lie at the foot of the cliff". I did not find fossils. The dip of the

strata varies, according to places in this section. At the lenticular mass, the dip is only

12°; at the bending of the arch, forming the middle part of the quarry, the slates .and

sandstone dip 35° to the east, but at the south and in the depression towards Parker's

house, the black slates dip only 10°.

The second error corrected by Mr. Walcott is more important. In my section, Plate

II, fig. 1 (^Bulletin Soc. Geol. France, 1880, ix), from Lake Champlain to Parker's

house and the village of Georgia, I have considered the red sandrock, east and west, that

is to say, on each side of the "Olenellus zone" of Parker's quarry, as Potsdam sandstone.

Mr. Walcott has shown conclusively by direct superpo,sition of the Georgia slates over

the red sandrock, and by finding fossils, such as Olenellus Thomj)Soni, Kutorgina, Oho-

lella, etc., that at least the first three hundred feet Avest of the Parker quarry belong to

a lenticular mass of reddish-pink dolomitic limestone and arenaceous limestone enclosed

in the Georgia slates, and consequently ai'e a part of the Georgia formation.

I must say that such was my first impression and in my field notes of 1861, I have

drawn a section similar to the one given by Mr. Walcott. I cannot find in my several

note books of 1862-63 and 1873 any justification for the change I made in my first sec-

tion, Avhich I now give (Plate 13, fig. 2), only I remember that at one of my last visits,

a deep ditch of four or five feet had just been dug for drainage close by the eastern edge

of that dolomitic limestone formation, and in such a position in regard to the dipping

of the red sandrock that, if the limestone were enclosed in the slates and overlaid by

them, the ditch ought to have reached the red sandrock, biit it did not; and, very likely, I

concluded that they were Potsdam sandstone, lying in discordance of stratification over

the Georgia slates. Besides I did not find any fossils.
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Let me say here, that to find fossils in those lenticular masses of dolomitic limestone

and sandstone, at or near Parker's quarry, was not an easy task; for this ]i]ace has been
searched thi-onghout its whole area, and very cai-efully, by Dr. S. II. Hall, Rev. J. B.
Pei-ry, E. Billings, Colonel Jewett and myself; and to come after such observers and
detect fossils where no one of us found any, is a feat of no common occurrence. Mr.
"Walcott has shown himself there, as he has also at several other places in the vicinity of
Georgia, Swanton and Ilighgate, at Trenton Falls, Saratoga, the Great Canon of the

Colorado, Eureka, etc., etc., to be the ablest collector of fossils in America, and one of
the first the world over. I am glad to have this occasion to state my admiration for his

keenness, persistence and extraordinary ability for finding fossils. It is a rare and very
precious gift.

The Lorraine shales versus the Hudson River group.—Having acknowledged the errors

corrected by Mr. Walcott, I have now to ofier some remai'ks upon points on which we
disagree.

Comparing his section, pp. 15, 16 and 17 of his "Second Contribution to the studies on
the Cambrian faunas of North America," with mine, there are first the slates on the
shores of Lake Champlain. Mr. Walcott, in his "Georgia sections," p. 16, fig. 1, calls

them Yiudson River formations dipping 60" east. But he gives no explanations and
even in his "Ideal section from the Adirondacks over the line of the Georgia section,"

p. 25, fig. 2, no Hudson liiver formation is given.

Since my first paper, published in 1861, I have carefully avoided the use of the name
"Hudson Rivei- group," which has become so hopelessly involved. The confusion created

by its use, with its many meanings, must be checked, and the sooner the better. Mr.
S. F. Ford in 1885 ("Observations upon the great fault in the vicinity of Shodack land-

ing," in Amer. Journ. Sc, xxix, p. 16) has also i-ejected the designation "Hudson River
group," using instead the old synonym "Lorraine shales."

One of the first desiderata is a careful survey of the typical localities of the Lorraine
shales at Sandy Creek, on Lake Ontario. Then the shales should be studied in all cen-

ti-al New York as far as Utica, and the old opinion first expressed by Dr. Emmons of
a union of the Utica slates and Lorraine shales, on account of the unifoi-mity of the

lithological characters thi-oughout the I'ock, should be controlled. The fauna at Sandy
Creek and through central New York of the "Utica and Lorraine" would require the
attention and careful studies of an excellent paleontologist as well as a good stratigraph-

ist, like Mr. AYaleott. From Utica to Schenectady, the survey should be very minute-
and then, as soon as the valley of the Hudson is reached near the mouth of the Mohawk,
where the Lorraine shales have been crushed and strongly laminated by lateral pressure,

jirobably it would become necessary to put aside all the slates which do not contain a

full fatina— at least two-thiids or certainly a good half of the number of species of the

Lorraine of central New York.^ We should then synchronize only the portion of the

' " The typical rock (Lorraine shales) is (lis|ilaye(l in the "On the Mohawk at Cohoes, the sliales and sandstones
gorges of Lorraine and Kodman, and not npon tlie Uiulson in a crushed condition are tolerably well exposed. They
lliver. In the latter region the rock is crushed, and is by may lie traced to Schenectady and Saratoga, where they lie

no means in a condition suitable to give character to a in a horizontal position" (American Geolorji/, Vol. I, I'txit

group, hence it should be referred to only as a niodifled II, Taconic System, by E. Emmons, p. UO, Albany, 1855).

condition of the Lorraine shales."
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shales found in the Hudson Kiver valley, with the "Utica and Lorraine" which actually

contain the fauna of Sandy Creek, with its Acephalae (Laniellibranchiae) and its charac-

tei's of the upper part of the second fauna (Cambrian) containing forms already fore-

shadowing the advent of the third fauna (Sihu-ian).

Such a survey would diminish, considerably, what is still called in eastern New York

the Lorraine shales (Hudson River group), and reduce them to smaller dimensions in

thickness as well as in area. The old " black shales group " of Dr. Emmons will have

then to be considered and carefully surveyed from Poughkeepsie to Bald Mountain

(Washington County), then through Yermont to Phillipsburgh and Quebec city; that

is to say, all the western part of the great band of the Taconic system, so well deline-

ated on the supposed lost map of Emmons, which Avas pi-epared by him to accomjiany

the first volume of the "Agriculture of ISTew York."

A few words about that map will not be out of place here.

The suppressed Emmons' agricultural and geological map.—The geological map of the

state of ^ew York, described at pages 361 and 3G2 of the "Agriculture of New York,

Natural History of New York, Part v, Volume i," Albany, 1846, referred to in "Mapo-

teca Geologica Americana," p. 59, Washington, 1881 {Bulletin U. S. Geol. Surv., No.

7), "as stolen or destroyed bj^ persons unknown, so that it was never issued with the

proper volume" (see letter of Emmons to Jules Marcou, Dec. 28, 1860, jiublished in

"The Taconic system and its position in stratigraphic geology," Proc. Amer. Acad., xii,

188, Cambridge, 1885), has lately and unexpectedly made its appearance at the State Li-

brary and at the New York State Museum of Natural History at Albany.

About ten years ago, and consequently about fourteen years aftei- the death of Dr.

Emmons, the state librarian, on the plea that the first issue of the map of 1812 was out

of print, began to distribute it as the "Geological map of the state of New York," the

first two words of the title being omitted. But this year sevei-al copies have been dis-

tributed without abbreviation. The full title is, "Agricultural and geological map of

the state of New York, by Legislative authority, 1811:." The abbreviation made on some

of the copies distributed during the last ten years consists in the cutting off of the words

^'Agricultural and,'''' forming a first line added to the map of 1812. The table of colors

and classification of rocks is the same, with the exception that the Taconic system, which

does not appear in the tabular view with his name or any sort of notice, exists on the

map in drab color, as a large band extending from the Canada boundary line to New
Jersey and the Tappan sea on the Hudson Kiver.

The map being hand-colored, some vai'iation in the coloi'ing must be expected. In the

copy I have now under my feyes, the Calciferous and Black River and Birdseye limestones

are confounded in a single color, pale blue; while, in the map of 1812, the colors are very

distinct, the Calciferous being brown and the Trenton (Black River and Birdseye) sky-

blue. Another difference exists, for the three colors of the Utica, Hudson River and

Oneida, which wei'e very distinct in the map of 1842, are mingled together, more or less,

under a single gray-lilac color. Finally the Portage and Chemung groups, colored green-

gray in 1842, are very pale yellow in the map of 1844.

The appearance of the long lost mai) of Dr. Emmons, I am glad to say, has been ac-

companied by the return to the state Museum of Natural History at Albany of " the

rocks illustrating the Taconic system, all taken out by order" many years ago (letter
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of Emmons to J. Marcou, Dec. 1860, on " The Taconic system," etc., Proc. Amer. Acad.,

XII, 118, Cambridge, 1885).

The Ziorraine shales.—So fiir as my own observations extend, I must say that T did

not find the Lorraine shales either north or east of the Adirondacks, and that between
the Georgia formation and the Potsdam group, we have in all that region of Lake Cham-
plain and the vicinity of Quebec city, between five and eight thousand feet of shales,

containing now and then lenticular masses of limestone, sometimes magnesian, some-
times pure, sometimes argillaceous. Fossils generally are rare, but they exist; only, in-

stead of being found uninterruptedly on ledges of rocks extending for fifty and even

hundreds of miles, as is usual, they are limited to special localities, and have a veiy short

horizontal range. Li fact, we have in those slates, sporadic apparitions of forms of the

second fauna, inclosed in the supra-primordial fauna. About a dozen and even more,

say twenty, of those fossils are identical and pass from the Taconic into the Champlain
or true Cambrian,^ and when found two or three together, or even six, eight and ten in

the same place and locality, always rather narrowly limited, it has been the custom until

now, among all the ])aleont61ogists and consequently among the geologists who follow

their lead, to say: for the citadel and city of Quebec, it is Utica and Lorraine; for Pointe

Levis, Phillipsbui-gh, and Bedford, it is Calciferous and Chazy; for Ilighgate Springs,

Swanton, St. Albans' Bay village, it is Trenton limestone, and even at Highgate Springs

w^e have according to their views, Black Kiver limestone, Utica and Hudson River (Lor-

raine). Farther south at Fort Cassin, it is Birdseye; at the foot of Snake Mountain,

it is Trenton and Chazy; at Shoreham, it is Chazy; at Wappinger valley (Dutchess

County), it is either Calciferous or Trenton; at Newburgh, it is Trenton; at Stockbridge

marl)le quarry, it is Trenton ; the sparry limestone of eastern jS^ew York is also Tren-
ton; the so-called hydromica schists are Hudson River (Lorraine), etc., etc.

The extraordinary geographical distribution of these so-called Calciferous, Chazy,
Birdseye, Black River, Trenton, Utica and Lorraine, without any regular connection and
continuity, or superposition, makes it a little difficult to classify and account for these

capricious outcrops; but faults of all sorts and all shapes are now called in to help.

However, it is not sufficient, and new groups or etages—always of the Chamjilain system,

but unhappily always also wanting at all Champlain typical localities—have been created,

under the name of lower Calciferous, Quebec, Lauzun and Sillery groups (Logan)
;

Lewis conglomerate and limestone conglomerate of the Quebec citadel hill (Selwj'u).

But, notwithstanding all these raoi-e or less artificial helps, with the addition of shoi'e,

off-shore and deeper water deposits, it remains to be explained why, in such developed
divisions of five to eight thousand feet thickness, we do not find the whole faiuia, say two
hundred and fifty species at least, of the Champlain system, so well developed close by at

Utica, Sandy Creek, Trenton Falls, Chazy, Isle La Motte, Montmorency Falls, Charle-

bourg and Indian Lorette Falls, instead of finding only a dozen or twenty species. Why

' Less than eight per cent of the species of the primor- tiary and the moilevn faunas. The uniformist rule— each
dial fauna passing into the second fauna is a small pro- species being always confined to divisions of the second,
portion, when compared with twenty per cent of the Dc- third and even fourth order of the strata— put forward by
vonian species passing into the carboniferous, or with the Alcide d'Orbigny and Louis Agassiz was never accepted by
thirty per cent of the carboniferous passing into the Dyas, Desliayes and Lyell ; and since the discoveries of Barraiido

or with the thirty-five, fifty and even ninety per cent of Linnarson, Broegger, Dupont, Keyser, Waageu, etc., such
identical species between the lower tertiary, tlie upper ter- an enipyric law has become totally obsolete.



112 JULES MARCOU ON THE TACONIC OF GEORGIA

also do we not find that great number, at least two hundred species of fossils (Levis, Phil-

]ipsburgh,Fort Cassin,Wappinger valley)—having forms considerably similar to the forms

of the second fauna—which do not exist in any of the Champlain typical localities of ]^ew

York and Canada? Why have we, in some of those strange fossiliferous localities of

the "Black slates" of Dr. Emmons, mixed with forms of the second fauna, fossils of the

primordial fauna, such as Oleiidhcs, DUceUocephalus, Conoceplialites, Camerella, etc.; or

fossils which have not yet been recognized with certainty in any typical localities as be-

longing to the second fauna, as for instance the genus Bathyurusf Why do we have

recourse to explanations entirely erroneous to explain the mixture of the primordial with

forms of the second fauna at Pointe Levis? For the two faunas fouiid there do not occur,

one in the matrix and the other in bowlders, as it is stated by the director of the Geo-

logical Survey of Canada, Mr. Selwyn, but in the same lenticular mass of dolomitic lime-

stone; the conglomerate which exists there, just behind the village of Pointe Levis—
Colline de la Croix—being absolutely bare of fossils. Why, finally, at Charlebourg (Plate

13, fig. 8) behind the church, on the Tresplat, is the classical Trenton, with Black Kiver

limestone, found horizontally covering the "black slates" strongly dipping east-east-

south, at an angle of 45", showing a discoi'dance of stratification absolutely inexplicable

by overlapping fault, or any other mechanical process?

No! the truth is that, after the inexcusable mistake made by the state paleontologist of

New York of placing the ^^rimordial fauna at the top and above the second fauna, and

the complete ignorance of the existence of almost twenty-eight thousand feet of strata,

we are now contending against another mistake, not so great to be sure, but no less an

error.

Section from Lal'e Champlain to ParA'er''s house.—Returning now to the section of

Georgia, Plate 13, fig. 2, I continue to regard the black slates on the lake shore as be-

longing to the Phillipsburgh and Swanton groups. Then occur in discordance of strati-

fication over the slates, dolomitic limestones, which are numbered 1, 2 and 3 in Mr.

Walcott's section. lie gives them a thickness of 700 feet. Their dips are not given;

but, taken on his section, they are 21° east. He found only a single fossil, a rare Hijo-

lithelhis{?).

I did not find any fossil there, nor did I measure the thickness of the limestone. The
dip I found only from 6° to 8° east; and I have marked on my section three shallow val-

lej^s separating those masses or groups of sandrocks in which I thought I saw some

slates, but I am not sure of them, except the first one near the lake, where there is a

brook of running water. In the two others, however, there is stagnant water, indicating

the existence of marly slates beneath.

Nnmbei's 1 and 5 of Walcott's section are reddish-pink dolomitic limestone and gray

arenaceous limestone containing fossils: Olenellus Thoinj)Soni, Conocephalitcs Adatnsi,

Kutorgina, Oholella; thickness, 290 feet; dip 12" east. This part of Mr.Walcott's work
corrects my section published in 1880. I accept it entirely, and I repeat Avith pleasure

it is a beautiful and difficult discovery and rectification.

Mr. Walcott considers all those dolomitic limestones from No. 1 to No. 5 inclusive, as

a great lenticular mass of one thousand feet in thickness, l^elonging to the lower part

of the Georgia formation. In my section I place also his numbers 1 and 5—or the last

eastern knob of limestone—in the Georgia slates; and in my geological map of 1880, the



AND THE REPORT ON THE GEOLOGY OF VERMONT. 113

line ongfht to be drawn farther west, in order to embrace the first line of Potsdam sand-

stone in the Georgia division. Cnrionsly enough, in my map, tliat knol;) is marked as

a lenticnlar mass, limited, north and sonth of Parker's honse, to about one thousand feet

in length. Also on the same map, the two other Potsdam sandstone lenticular masses

on the same line as Parker's house, ought to be included in tlie Georgia slates, as they

belong to them according to Mr. Walcott's observations.

However, for the present, I am not inclined to accept the first three numbers of AVal-

cott's section, as belonging to the Georgia group, and also I do not admit their sup-

jiosed overlapping fault on the slates, near the lake shore. I shall discuss thsee points

farther on, wishing to finish the description and comparison of the two sections.

The Parker's quarry forms a steep cliff, fifty feet high at the highest point. The sec-

tion and desci'iption I liavc given in 18G1 and 1880 are still the only ones and they have

not been contested, excei)t on the dip of the strata, which Mr. "Walcott gives as only 12"

east in his text, and in his section, p. 16, they are drawn at an angle of 35° and even 40",

agreeing then with the inclination of 35" given in my sections and memoirs.

Between Parker's quarry and the westward limestone lenticular mass, there is a small

valley, quite open, less than fifty yards broad, formed by slates, on which rests a sort

of lentille of blue limestone, containing two Trenton fossils (Brachiopod and Coral) . The
block is only one foot and a half square; it seems to have been rolled, and I have re-

garded it as a boulder. Mr. Walcott is of the same opinion. However, I have some

doubts now as to its being a boulder; possibly it may be a colon}^

Advancing eastward, above the Parker's quariy, there are slates forming a platform

and then a declivity. Directly north we find the end of a lenticidar mass of magnesian

limestone containing Bracliiopoda, about twenty feet thick, and extending from the top

of the hill to the road from St. Albans' bay to Parker's farm. Their dip is 15" or IG" east.

The slates in front of the limestone, on the declivity, seem to dip at 30° and 35", but

some cleavage may exist there; and it will be better to have new observations made be-

fore giving a definite dip.

Colon]!-—At about only twelve or twenty feet from the limestone lentille, are found

several isolated slabs or flag-stone, lying on the slates, in concordance of strati lication.

Almost one foot thick, three or foiu* feet in length, with sharp angles, they consist of a

sort of blue limestone containing two or three fossils of the second fauna. From their

position and peculiar forms, which will not admit transportation by a glacier, I regard

them as surely a colony of the second fauna inclosed in the Georgia slates. In the walls

near the house of Mr. Parker, some loose pieces of blue limestone, containing one or two

Trenton fossils, have been seen. It is impossible to say whether they come from a boul-

der or from a colony near by. I have no doubt that other colonies will be found among
the Georgia slates, not only in the Lake Champlain region and in Canada, but also all

along in southern Vermont, in eastern K"ew York, and in western Massachusetts.

My section fig. 2 ends a little northeast of Parker's house. I do not see any change

to introduce in my former section of 1880, eastward from Parker's to the Green Moun-
tains. Mr. Walcott has found a fault between Georgia Village or Centre and the Ver-

mont Central i-ailroad, and has stopped short with a blank at the foot of the first Green

Mountain hill.

MEMOIKS BOSTON SOC. NAT. HIST., VOI,. IV. 17
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In the lenticular mass of limestone, marked on my geological map, between Parker's

fai-m and Georgia Centre, Mr. Walcott has been snccessful in finding a few fossils: Lin-

yida, Orthisina, Camer(Ma, Agnostus and ConocephaUtes, which he thinks indicates per-

haps the Potsdam formation. I regai'd those determinations of Potsdam and fault as

merely conjectui-al, and I am convinced that the more eastward Ave go, after leaving

Parker's farm, the older are the strata.

III. Age of the Eed Sa^drock, axd section near Swanton.

The discordance of sti'atification on the western edge of the red sandrock is so well

marked everywhere, and Billings was so positive as to the paleontological age, that I did

not hesitate to refer the whole series to the Potsdam sandstone formation. I confess

that I ought to have been moi-e careful and moi'c prudent with some parts of them; for

I have seen at Swanton red and yellowish calciferous sandrock inclosed in the Georgia

slates, and on the road from St. Albans' Bay to Parker's farm I have crossed several

ledges of red sandrocks with Georgia slates intercalated in concordance of stratification.

But I had so many other questions to attend to, and always thinking that I had full time

to make a complete survey, that I passed it over without proper attention.

The discovery of Mr. Walcott, of the Georgia slates fauna, in some ])arts of the red

sandrock, not only at Parker's farm, but also at Highgate Sjjring near Church's farm,

shows that I have made a mistake. But are all the red sandrocks of Vermont a part of

the Georgia slates, as Mr. Walcott seems to consider them, or some poilion of them

only?

The absence of a geological map from Mr. Walcott's paper leaves us in doubt as to

many of his opinions; perhaps if he had tried to put his observations on a detailed map,

he would have found difficulties which would have made him hesitate about some of the

views presented in his memoir.

Lithologically there is a great similarity between the red sandrock of Vermont^ and

the typical localities of the Potsdam foi-mation at Potsdam, at Keeseville, as well as in

Beauharnais county (Canada). Magnesiau limestone interstratified with pure sand-

stone or sometimes calcareous sandstone, of gra}*, red and pinkish colors, form the two

groups, as well in Vermont as in New York and Canada. The occurrence of similar

sequences of beds of the same lithological characters, and so near one another as Keese-

ville and Georgia, ai'e certainly jjuzzling and may mislead, if not propeily checked by

paleontological and stratigraphical facts.

Paleontologically, the finding of ConocephaUtes Adamsi in Vermont, so nearly re-

lated to Conoce])J>aUtes minuta of Keeseville. was in favor of identification of the two

formations. But there is more. I have collected in the section of Swanton, on the

ground of Doctor Hall's farm (now Bnllard's farm) in the pinkish-red sandrock, au

imperfect glabella of Conoceplialltes minuta; and Mr. Walcott signalizes a Liingulcv' in

' The red sandrock of Vorinont is generally formed of of Swanton have taken advantage of the varieties of colors

a limestone containing a little sandy matter, and is almost given by tlnil strnclnre to work largely for the trade sev-

always raagnesian or doloniitic. It has often a globular eral strata in the vicinity of Swanton and St. Albans,

structnre, which gives to aonv. of the beds the form of a - '-Second contribution to tlie Cambrian faunas of Nortli

pudding oreven of a breccia; and the marble manulactiirers .Vmerica," p. ly.
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a limestone conglomerate or breccia, and Lingulella in the shales at the same jjlace.

My specimen of the head of Conoceplialites minuta was determined as snch, in 1881,

by Mr. Whitfield, and is at the American Museum of Natural History at New York. I

did not pay any attention, at the time of finding it (in 1862), as to what part of the sec-

tion it belonged; but it came from that place without a possible doubt.

AVe must say that the Conoceplialites Adamsi, confined, for many years, to the single

locality of Church farm where it is generally found in loose pieces of very pinkish-red

sandrock, has been collected by Mr. Walcott in many other places, and seems to range

through at least fifteen hundred feet of magnesian limestone, slates and sandstone at

Highgate Spring and at Georgia. Until now, it is ceitainlj^ the primordial fossil which

possesses the greatest I'ange, carefully recorded, of all those found in the Taconic of

Vermont.

Stratigraphically, the red sandrock is seen in such position at different jilaces,—foi* in-

stance, on the shoi-e of the lake at Highgate Spring, Highgate Falls, Swanton, St. Albans'

Bay and Shelburn Falls, that it left no doubt as lo its being an overlying formation

which, according to J. B. Perry, "in several instances, extends over almost the entire, if

not over the whole, width of the Taconic series of Dr. Emmons."^

The existence of lenticular masses of magnesian limestone and calcareous sandstone,

inclosed in the Georgia slates, is cei'tain from the observations of Mi'. Walcott at Park-

er's quarry and at Highgate Spring (Church and E. Stearns's farms). I shall add my
observations at Swanton, on the ground of Dr. Hall's farm, where I saw in 1862 the fol-

lowing section ; Plate 13, fig. 3. It began at the Missisquoi river, running east-east-

south, passing first at the small Sugar cabin' and then over the two lenticular masses of

blue and gray limestone.

1. Sandy alluvial; 15 feet.

2. Red sandrock, massive, passing to a red magnesian conglomerate; almost horizon-

tal, the dip being only 1° or 2° east. No fossils; .30 feet.

3. From the Sugar cabin to the summit of tlie first hill an alternance of Georgia slates

with beds of gray, reddish and yellowish calcareous sandstone; about 200 feet. Dip 12°

to 15° east. Fossils: Olenellus Tlioinpsoni, Camerella antiquata, Conoceplialites, etc.

4. A fii'st lenticular mass of a very hard blue limestone, brecciated, of only thirty feet

of diameter, containing a great quantity of fossils, more especially Obolella (^Kutorghui)

cinf/ulata, Ortliisina, Camerella and Conoceplialites.

5. A little southeast, separated from No. 4 by black slates containing Olenellus

Thompsoni, Conoceplialites Teucer, etc., there is a second lenticular mass of another very

hard limestone, whitish-gray, with veins of carbonate of magnesia; containing also nu-

merous fossils: Olenellas Thoinpsoni, Conoceplialites Teucer, Kutorgina cingidata, etc.

The part that crops out is larger than at the first lentille and shows a diameter of fifty

feet.

6. Black slates with soma bads ofsandstone containing Palaeophycus. The slates are

cleaved and in some places I have seen a difference of 35" between the cleavage and the

stratification. The largest specimen of Olenellas Thompsoni I have ever seen was
found there and it shows finely the cleavage; it can be seen at the American Museum
of Natural History of New York, to which I have given some of my best specimens.

' "Queries on the Red Sandstone of Vermout, etc.," p. G, Boston, 1868.
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7. Red snndiock forming- the top of the hill. I did not make any ohscrvations on

that part of the section, nor farther east, Avhere are seen other shites and red sandrock

hills.

1 have referred the red sandrock near the Missisqxioi river, No. 2, as belonging to the

Potsdam, and I see nothing in what has been jjublished by Mr. Walcott to change m}^

view. As to the other expositions of red sandrock, marked Ko. 7, and farther east, I can-

not give any decided opinions ; they need to be carefully examined before any conclusion

can be reached. Perry says ''In some cases, the Black or S^vanton Slate (comprising

also the Phillipsbni'gh gronp) may be seen beneath the Potsdam sandstone (red sand-

rock), not only along its western flank, bnt also at the very edge of its eastern limits.

After long searching, I was at last so fortunate as to find the two i-ocks thus situated

and in immediate conjunction. This was on the easterly border of the sandstone, at

Shelburn Falls, Avhere, some years ago (in the summer of 1860) an excavation was made

in the channel of the La Plot river. Since that time, I have observed substantially the

same thing at man}' other points. So the Georgia Slate may be traced beneath the Pots-

dam sandstone (red sandrock) with ecpial clearness and shown to underlie it, in its ex-

treme extension eastward in Swanton."'

There is no reasonable doubt that some portions of the red sandrock are younger than

the Georgia slates or formations and belong to the Potsdam sandstone. But the opinion

expressed by Mr. Walcott has also incontestably some basis, and the question must be

met by a new and very careful survey.

My opinion is that two-thirds of Avhat is g'enerally called red sandrock belongs to the

Potsdam formation, and that one-third only is a part of the Georgia formation. I am
inclined to believe that those two different ages of red sandrock are in juxtaposition on

some part of the line of the outcrop of the Georgia formation. I think that a difference

in the dip of the two sei-ies is well marked l)y an angle of 10° or even 14°. On the west-

ern side of the red sandrock line, the dip is very small, the strata being almost horizontal,

or varying from 1° or 2-' to 6° or 8° at most; when, on the contrary, the red sandrock,

clearly belonging to lenticular masses inclosed in the Georgia slates, has an eastern dip

of 12° to 16°.

IV. The supposed overlying great fault of the Georgia formation.— The
SECTION at ChAELEBOURG NEAR QuEBEC.—LANDSLIDES AT MoNTMORENCT

AND Indian Lorette Falls.

I have previously said that Mr. Walcott regards the discordance of stratification on

the western limit of tlie r(!d sandrock as due to an overlapping fault of the Georgia for-

mation, which covers what he calls the Hudson river group, Trenton or Chazy, according

to localities. He thinks that the massive red sandrock was pushed over on the slates,

and consequently that the slates have been crushed, strongly compressed and forced mi-

der the red sandrock.

The break and dislocations of the Taconic rocks are very great and the slates show

everywhere strong lateral pressure by their cleavage and their contorted and faulted

'" Queries on tlie Red Sautlstone of Vermont, etc.," pp. 10 luul 11, Boston, I8GS (Ex. from rroc. Bust. lioc. Kat. Hist., xi.)
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structure. I have already given an example of the folding' Avith fault of the Swanton

slates, which is seen just below the bridge of SAvanton Falls, the contorted slates being

cut also by small local and veiy limited faults (see "Sur les colonies dans les roches Ta-

coniciues des bords du lac Champlain," in Bulletin Soc. Geol. France, ix, 29, Paris, 1880).

I shall now give several other examples.

At Parker's quarry, Georgia, near the top of the section, fig. 1, just above the main

range of Olenellus Thompsoni, in a sandy limestone with nodules of red iron, thei'e are

small contorted beds made by strong pressure, as represented by fig. 4 on Plate 13.

At Ilighgate Falls, in the lenticular mass of limestone, there are numerous contorted

beds of brecciated limestone, as seen on Plate 13, fig. 5, in a distance of only fifteen or

forty feet and with a thickness of thirty or forty feet. The most remarkable of these con-

torted structures is seen on the left bank of the Fall, between two houses built on high

Avails, fig. 6.

At Pointe Levis, the clifts show several folded and contorted strata containing a quan-

tity of shnple and compound graptolites. Fig. 7, on Plate 13, represents, near the rail-

road depot, just behind the Victoria hotel, the same folding observed farther east at the

turning of the road from the ferry to the church of IvTotre Dame.

Tlte section at Cliarlehourg near Quebec.—At Charlebourg, on the road in ascending

from Charles river to the village,' Ave haA^e in the Quebec-city and Citadel-hill slates or

Swanton slates A^ery numerous and complicated folding Avith small local faults. The

slates are beautifully contorted; and behind the village at the Tresplat, several quarries

in the horizontal Trenton limestone have reached the slates, and I haA^e seen them con-

torted and dipping -45" east-east-south under the almost horizontal Black River and Tren-

ton limestone (see Plate 13, fig. 8).

Letndslides at Moyitmorency and Indian Lorette Falls.—This section of the road to

Charlebourg shows that there is no great fault at Montmorency Falls, at Petit Euisseau

and at Indian Lorette, but only small local landslides. Denudation and erosion of the

slates have undermined the Trenton limestone above, and, little by little, the band of

almost horizontal Champlain system has been excavated, destroyed and washed aAvay, di-

minishing its breadth by one-half and even more in some places, only about one-third

and probably less of Avhat Avas originally deposited now remaining.

The process of destruction, underneath the slaty base, has forced the Ti'enton lime-

stone and Utica slates coA'er to slide doAvn, as it is now seen at Lidian Loi'ette Falls, and

on the I'ight side of the chasm at Montmorency Falls, Avhere some large fragments or

blocks of Trenton limestone are seen suspended on the asperity of the quartzite. And
at special places, like the ravine in Y-shape, at the foot of Montmorency Falls, on the left,

the Trenton and Utica, coming above a gully or truncated trough betAveen the qnai-tzite

and the Taconic black slates, slid down, filling up a part of the chasm. It is a sort of

fault by land slips, A^ery limited, absolutely local and comparatiA'ely of recent occurrence.

At the contact of the Utica and Taconic slates (Quebec Citadel Hill slates), the strati-

' The contorted slates are on tlie right side of the road, died feet of slates, but the section does not show that great

fig. 8, and also on the left. Between the two small faults thickness, the distance not being drawn to scale, for want

and the village of Charlebourg, there are at least eight huu- of space.
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ficatioii is vei-y confused and the dip ol" strata, which at tlic foot of tlie ravine is only 10

to 20° Ibr the Trenton Ihnestone, increases i-apidly to 30" and 40" for the Utica shites, and
to 60° and ahnost perpendicular for the Taconic slates.

Messrs. Logan and Selwyn have given sections in 1861 : "Considei-ations relating to

the Quebec group" (^Canadian ISfataralist and Geologisf. May, ^g. 1), and also in 1881:

"Descriptive sketch of the physical geography and geology of the dominion of Can-
ada," Montreal, fig. 1, of the Montmorency Falls extending to the Orleans island. Both
consider all the strata between Montmorency and the eastern part of Orleans island as

Ti-enton limestone, Utica and Lorraine (Hudson River), and Calciferous and Chazy
(Quebec group) with two large faults. Mr. Sehvpi goes so far as to find three large

faults, one on each side of Orleans island. Those diagramatic sections of supj)Osed struct-

ure are only speculative and have been used to settle the relations of strata of very

doubtful age, and proved to be very embarrassing in the altei-ed and finally adopted

classification of the Canada survey.

Very small and limited local landslides, on the southern edge of the band of Trenton

limestone and Utica slates, have been taken for a big fault. As soon as Logan saw that

it was unpossible to maintain any longer the age of the red sandrock, as Oneida conglom-

erate and upper Hudson Kiver group, he had recourse at once to faults, which sti'angely

enough he had filled totally to see during twenty years; and he did not hesitate to submit

the strata in discussion to the most complicated folding, overlapping, upheaving and
breaking. Fault upon fault with all sorts of disturbances was vised most freely, in or-

der to sustain lus "Quebec group," instead of accepting openly the "Taconic system;"

the only result was to create more confusion, of what was already confused enough.

These examples show sufficiently the enormous pressure exerted on all the Taconic

rocks of Vermont and Canada, prior to the deposits of the Champlain system or true

Cambrian. If there was on the western line of contact of the red sandrock with the

slates and lenticular masses of limestone a great overlapping fault, as the slates, according

to that view, have been forced under the magnesian limestone, they ought to have up-

heaved and raised more or less strongly the upper lip of the fault. The natural result

would have been that, at the contact of the red sandrock, the beds would have been

raised almost perpendicularly, as represented on Plate 13, fig. 9. But, on the contrary,

at Georgia, fig. ], at St. Albans' bay, at Swanton, fig. 3, at Highgate Fall, fig. 6, and
at Highgate Springs, the red sandrock or magnesian limestone are considerably less

raised, dipping only from 2° to 8°; when farther east, at some distance from the supposed

fiiult, their dip is from 12° to 16°. At Swanton and at Highgate Falls, they lie almost

horizontally on the slates and on the lenticular masses of magnesian limestone, and pre-

cisely at points where the most ^^owerful forces must have acted in order to fold and
contort, as they did, the beds of the Phillipsburg group. The conclusion that the red

sandrock at Highgate Falls was deposited after the dislocation and break, and over the

contorted strata of the Phillipsburgh group is unavoidable. The red sandrock at the

fall, and on the left bank of the Missisquoi river, is of Potsdam age, lying in discordance

of stratification over the Phillipsburgh group.

The tendency to explain every stratigraj)hical and ])aleoiitological difticultj^ by a fault

is natural enough, but must be checked by direct observations; and all the objections
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based on facts must be answered and explained otherwise than by the inference of a mi-

raculons and invisible fault.

V. The Eeport on the Geologt of Veemont. The Classification and

Nomenclature of Messes. E. and C. H. Hitchcock.

Until now I have refrained, in all my papers, to review or even to notice the Geolog-

ical Snrvey of Yermont. Mr. Walcott having taken it as an authority, not only for the

history of the Georgia formation, liut also on questions of priority in nomenclature and

paleontological publications ; and Prof C. H. Hitchcock's position lately taken in two

publications in the BuUetin of tlie American Museum of Natural History of New York'

and in the Transactions of the American Institute of Mining Mujirieers'^ render it nec-

essary to give exact dates of publications, exact titles of reprinted papers in the "Geology

of Yermont," and to quote the classification and nomenclature used for the strata of

Yermont.

The "Geology of Yermont" is a work in two quarto volumes, containing the geolog-

ical map of Yermont, published by the state of Yermont at Claremont, New Hampshire.

Its title is "Report on the Geology of Yermont: Descriptive, theoretical, economical

and scenographical," by Edward Hitchcock, Edward Hitchcock, jr., Albert D. Hager

and Charles H. Hitchcock, published under the authority of the state legislature by Al-

bei-t D. Hager. As Messrs. Edward Hitchcock and Charles H. Hitchcock are the only

members of the Survey who treated of stratigraphy and paleontology, I shall only refer

to them in my quotations and remarks.

These two volumes are three times antedated, and as they were not entered in the

clerk's ofRce of any district court for cojjyright, we do not possess any direct means of

knowing their exact dates of publication. But.we shall come to it within a few days by

strict study of their contents and the thne when they were distributed.

The Introductory or "Preliminary Report," as it is called, is dated Oct. 1, 1859 and

dh-ectly an additional preliminary report is added with the date of Oct. 22, 1860 (see

pp. 15, 16 and 17). Official reports are not always printed and issued at the date of

presentation to legislative bodies, governors, or Congress; although the introduction is

always written when the reports are completed and ready for the printers, and I would

not have pointed out these two dates of the " Preliminary Report," if Prof C. H. Hitch-

cock had not claimed priority for another work, "Outline of the Geology of the globe,

and the United States in particular, etc.," Boston, 1853, based on the date of the introduc-

tion which, according to his opinion, ought to be accepted as the date of publication^

• " Geological sections across New Hampshire and Ver- dated January 1, 1853, and placing it as anterior to " Jules

niont," Art° viii, Vol. i, No. 5, p. 155, Feb. 13, 1884, New Marcou's Map of 1853." As the two maps and booljs were

Yoj]5_' both copyrighted at tlie same Clerli's Offlce of tlie District

' "The geological map of the United States" (St. Louis Court of the District of Massachusetts for 1853, at Boston,

meeting, Oct., 188G). 't is very easy to see the exact date of their publication.

3 See" The Geological Map of the United States" in Marcou's map was issued on July 1, 1853, wlien Hitchcoclv's

Trans. Amer. Inst, of Mining Engineers, Oct. 1880, wlicre nnip only appeared in October, 1853, more than three moutlis

at p. 7, Mr. Hitchcock says ; "E. Hitchcock's map of 1853. later (see also the advertisements of all the leading Boston

The manuscript and maps were delivered to the publishers newspapers for 1853).

in Jaimary," is the only plea for the introduction being
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In the " Geology of Vermont " there are reprints of four papers which were issued i-e-

spectivcly in Decem1)er, 1860, January, 1861, February, 1861 and ISTovember, 1801, show-

ing it is an impossil)ility to claim the dates of the introduction (Oct. 1, 1859 and Oct.

22, 1860) as exact dates of pul:)Hcation of the work.

The third date found in the " Geology of Vermont" is at the bottom of the title page
in the two volumes, and is 1861. It is also an antedate by several months of the true

year. The first printed record I have been able to find of the publication is in the Avie7\

Journ. Sc, May, 1862, xxxiii, 416, Xew IlaA'en, where a review of the work is dated

Montreal, March 18, 1862. The review Avas Avj'itten on an advanced copy, for the work
was not received in Boston until March 21, 1862. So the exact date of publication is

the end of March, 1862.

!N^ow that we have fixed Avithin a few days the i)ublication of the "Geology of Ver-
monf' by Messrs. Hitchcock, let us notice some part of its contents. I shall only refer to

what relates to the Taconic system and the Primordial Fauna.

First, all the papers by Barrande, Logan, Hall and Billings are simply reprints and
not always correctly given. At -p. 377, we have "Barrande's views" under the title: "On
the Primoi'dial Fauna and the Taconic system of Emmons, in a letter to Professor Broun
of Heidelberg " (Proceed. Boston Soc. Nat. Ili'^t., Dec, 1860, vii, 371) . If we look at the

volume referred to, we do not find any paper with such a title, but instead the following

title " On the Primordial Fauna and the Taconic system by Joachim Barrande, with ad-

ditional notes by Jules Marcou." These notes of Marcou are not given in the "Geology
of Vermont," but a second letter of Barrande addressed to Marcou is added without ref-

erence to its recipient, leading one to suppose that it was addi-essed also to Broun.

The paper by Billings, at p. 912 (appendix) is without the general title of the pam-
phlet, published ISTovember 21, 1861, at Montreal, which is "JN^ew species of Lower Silu-

rian fossils." Besides, Mr. C H. Hitchcock has suppressed, without any notice, a whole

page of Billings' paper, a very interesting foot-note, pp. 11 and 12, containing among
other information a letter from C. H. HitchcoclAimself.

By these two quotations we see that the " Geology of Vermont" cannot be used as

priority for the papers of Barrande and Billings, nor even as an exact reprint, being both

defective in regard to titles and contents.

The classification and nomenclature of Messrs. E. and G. H. Hitclicoch.—I shall now
give quotations of the classification and nomenclature used by Messrs. Hitchcock.

Page 257: "List of the rocks occurring in Vermont in an ascending order.

Laurentian or hypozoic gneiss. Hudson River group.

Potsdam sandstone. Red sandstone series.

Calciferous sandrock. Quartz rock.

Chazy limestone. Georgia group.

Birdseye limestone. Talcose conglomerate.

Black River limestone. Eolian limestone.

Trenton limestone. Talcoid schists.

Utica slate. Upper Ilelderberg limestone."

Page 326: "Red sandrock series. Stratigraphically considered, this series of beds

occupies the position of the Medina group of jS^ew York " (from Prof. AYilliam B. Rog-
ers) .
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Page 339: ^' Conoceplialus (at Ilighgate, directly east of the house of J. Church).

The foi-m known to me most nearly like this one is in the Clinton group of this state,

IS^ew York (from Prof. J. Hall). With a shell resembling Atrypa hemispherica of the

Clinton group of New York."

Page 357 :
" Georgia group. Upper Hudson River group : Elementary Geology, 31st

edition, p. 411, by Ed. and C. H. Hitchcock, 1860."

Page 371: " Georgia slate. Its fossils rank it as Lower Silurian (Second Fauna) rather

than Cambrian (First Fauna) ." " The stratigraphical view of the Georgia slate which

has been so ably defended by Professor Hall (James) seems to demand for it a place

either above or equivalent to the Oneida conglomerate."

Page 375 :
" The natural inference from these relations is that the red sandrock is of

the age of the Oneida conglomerate or Medina sandstone and the Georgia slate is still

newei- and therefore Middle Silurian."

Page 393 : "Talcose conglomerate ... is newer than the Georgia slate."

Pages 391 and 421 :
" Eolian limestone . . or Stoekbridge limestone . . may be as re-

cent as the carboniferous rocks." " In the middle of the limestone fossils which, though

obscure fi'om metamorpliism, are clearly referable to genera characteristic of Devonian

rocks."

Pages 424 and 433: " Talcoid schists are newer than the Eolian limestone."

Page 434 :
'' The Taconic system." Mr. Hitchcock claims that the outline of its method

and explanation represents Prof. Emmons' ideas " as faithfully as though we were the

amanuensis of an advocate of the Taconic system." This " brief view of its history as a

system " is full of reticence and even opposition, and is simply an ex parte and partial

exposition, according to Hitchcock's understanding of the Taconic sj^stem.

The " Geological map of Vermont traced out and compiled by the members of the

Geological Survey," 1861, scale of miles 4o^o!o o o ?
'^^ placed at the end of the second vol-

ume, as Plate i.

" Explanation of the colors." In ascending order.

Granite, syenite and protogine.

Gneiss.

Hornblende schist.

Serjientine.

Talcose schist.

Calciferous mica schist.

Clay slate.

Potsdam sandstone.

Calciferous sandrock.

Chazy, Birdseye and Black

Kiver limestones.

Trenton limestone.

Utica slate.

Hudson River slates.

Hudson River limestones.

MBMOIKS BOSTON SOC. NAT. HIST., VOL. IV.

- Azoic.

Lower
Silurian.

Oneida conglomerate (red

sandrock.)

Quartz rock.

Georgia slates.

Talcose cono^lomerate.

Upper '

Silurian.

Eolian limestone.

Talcoid schist.

Beds of limestone in tal- I Mostly

coid schist. Devonian.

Upper Helderberg lime-

stone.

Pliocene tertiary.

Gold in alluvium, etc.
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The map had two editions. The first one, distributed in December, 1861, contains the

name Oneida Conglomerate inscribed instead of Red Sandrock; and the rocks are united

by great gronps or systems, by means of brackets inider the general names of Azoic,

Lower Sihirian, Upper Sihirian, and mostly Devonian. In the second edition accompany-

ing the volumes, those brackets and general names are half defaced, as well as the name
Oneida conglomerate. But on almost all the copies attached to the work, the erasures

have been done so impei-fectly, that it is easy to read those names and to see the brackets.

YI. Historic classification and use of the name Georgia; with some paleon-

TOLOGICAL remarks, AND SOME NOTES ON THE GrAPTOLITE ZONES IN AMERICA.

Now we can give in true chronological order the history of the Georgia formation,

with the exact dates of publication.

1855. Mr. J^oah E. Parker, a farmer in West Georgia, in quarrying large slates

for a floor, found some trilobites. He showed them to the schoolmaster of the village,

who wrote at once to the state geologist of Yermont, the late Zadock Thomjison of

Burlington. Thompson came directly, visited the quarry, but died in January, 1856,

without publishing anything about the discovery and the geology of Georgia. How-
ever, before his death, he jjlaced the specimens of trilobites in the hands of Mr. James

Hall, with the request to pubhsh them. I would remark that, in 1856, the primordial

fauna of Barrande had been established for ten years, and several works and pamphlets

had been published on the subject in Paris, in Bohemia and in Scandinavia, not to speak

of the Taconic system with a special fauna recognized at first sight by Barrande as

jirimordial, as soon as he saw Emmons' work. TavcIvc years had passed away since 1844,

and the paleontologist of I^ew York entirely ignored the primordial fauna, its strati-

graphical position, its meaning, and the Taconic system.

1859. Mr. James Hall, in " Twelfth Annual Eeport, Regents of the University of

the state of New York, " page 53, Albany, 1859, calls the shales in the town of Georgia,

shales of the Hudson River group, and at page 62, he adds that Logan places " the

shales of this locality in the upper part of the Hudson River group, or forming a part of

a series of sti-ata which he is inclined to rank as a distinct group above the Hudson

River proper." Then Prof J. Hall adds " it would be quite superfluous for me to add

one word in support of the o]jinion of the most able stratigraphical geologist of the

American continent."

La the article entitled : TriloVdes of the shales of the Hudson River group, Mr. Hall

describes and figures the fossils sent to him by Zadock Thompson, under the names of

Olenus Thompsoni, 01. Yermontana and Peltura (Olenus) holojn/ga.

1860 (Mar.). "Mr. C. H. Hitchcock exhibited a geological map of Yermont and ex-

plained the principal features of the complicated geology of that state." "The two most

interesting points in this connection were, that there is wo foundation for what Mr.

JSmmons called his Taconic system (a mixture of the Silurian and Devonian), and that

the Dorset limestone (his Stockl)ridge limestone) is newer than the Lower Silurian, and

is probably Upper Silurian or Devonian." (See Proceed. Boston Soc. Xut. Hiftonj, Yol.

VII, pp. 236, 239, Meeting of March 7, 1860.) At the same meeting Pi-of AV. B. Rogers
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communicated the manuscript of a paper entitled: "jS'otes on the geological structure of

western Vermont, etc.," read by him before the American Association at Albany in 1851.

In it he refers the reddish sandstone and shales, and reddish, Avhite and gray limestone

as a group " belonging to the period of the Oneida and Medina rocks, to which Mr.

Hitchcock now refers tham."

1860 (July). Dr. Ebenezer Emmons, in the second edition of his Manual of Geol-

ogy Xew York, pul)lished during" the summer of 1860, in note A, page 280, calls atten-

tion to Professor Hall's remarks, in the Regents' Reports of New York for 1860, and

declares that the shaies referred to in northern Vermont, instead of being a new series

above the so-called Hudson River group, are really sub-silurian and of the same age

as the Paradoxides and Olenus jii-imordial zone of Bohemia. (See Manual of Geology,

page 87.)

1860 (Oct.). "^^ Mr. Marcou made a communication on the black slate of Braintree,

Mass., containing Paradoxides, and on similar strata in ^Newfoundland, near Lake Cham-
plain and in the vicinity of Quebec," afterwai'ds given in detail in the paper entitled:

" On the Primordial Fauna and the Taconic system, by Joachim Barrande ; with adtli-

tional notes by Jules Marcou." (See Proceed. Boston Soc. Nat. History, Vol. vii, p)p.

357 and 369. Pul^lished November 23, and December 24, 1860.) On page 375, Mr.

Mai'cou uses for the first time the name slates of Georgia, and refers them to the Ta-

conic system of Emmons.

1861 (Feb.). In the "Thirteenth Annual Report Regents University, New York," dated

on the title page 1860 (but the true date of publication is February, 1861), Prof. J. Hall

gives a new description of the three trilobites found at Georgia under another title:

"Note upon the trilobites of the shales of the Quebec group in the town of Georgia,

Vermont," pp. 113 to 119. We must remark, that the "title was changed in a pai't of

the edition, by substituting the words Quebec group for Hudson River group, in defer-

ence to the views advanced by the Geological Sm-vey of Canada." (See " Fifteenth

Annual Report Regents University, New York," page 196, Albany, 1862.)

The author describes and figures the same three trilobites under new generic names

:

Ba7'randia substituted for Olenus, and Patliynotus instead o^ Peltura or Olenus, making
two mistakes. First the genus Barrandia existed i^reviously for another form of trilo-

bites, having been proposed as far back as 1819 by McCoy (see Ann. Nat. Hist., 2nd
series, Vol. iv) ; and, second, the genus Batlryttot/ts had been anticipated for the same

fossil by Dr. Emmons, in 1860, who called it Pagara (see Manual of Geology, p. 80,

figs. 5, 7 and also p. 280).

But the confusion does not stop here; for Mr. Hall proposed, in 1862, the name Olen-

ellus. Recognizing that the name of Barrandia was untenable, he "pi'oposes to return

to the name Olenellus''^ written on the manuscript, but changed to Barrandia at the mo-
ment of sending it to press. Now Professor Walcott justly refers the ElUptocepliala

asapJioides of Emmons, 1844, to the same genus as the Olenus Thompsoni; showing

that Emmons has priority, fii-st in calling the genus in 1844 ElUptocepliala and in 1855

EllijJtocephalns. If it is necessary to drop Elliptocephalus on account of its great sim-

ilarity with Ellipsocephalus of Zenker 1833, also a primordial genus, I think that Em-
mons' priority ought to be recalled in some way, and the name of the genus may be

Ebenezeria, in honor of Dr. Ebenezer Emmons and his Taconic system.
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The figure of Barrcmdia {Olenus) Thompsoni, p. 116, is much Ixttor than in the first

paper of 1859, giving on the c-audal sliiehl '' a slender pointed spine strengthened ])y a

sharp elevated ridge, extending to the extremity;" but failing to give the remailvable cau-

dal spine, more than two inches long and spade-like, Avhich I have found on a specimen

at the Parker's quarry in 18G1, and which has been figured since by Mr. AVhitfield in

Bulletin Amer. Museum Nat. Hist., New York, Yol. i, I^o. 5, Plate xv, fig. 1, 1881.

Another and important difference between Mr. Hall's paper on the three trilobites of

Georgia of 1859 and the one of 1861 (occasioned by the publication of Barrande and

Marcou's memoir in December, 1860), besides the creation of the so-called genera Bar-
randia and Bathynotus, is the suppression at the end, of the celebi-ated authoritative

note on the age of the Hudson River group, and Logan's ability as a stratigraphist, which

is replaced by the following note: "The geological horizon of the shales in which these

trilobites occur having been made a matter of discussion among geologists, I shall refer

those interested in the subject to the forthcoming report upon the geology of the state

of Yermont by Prof. E. Hitchcock" (see p. 119, "Thirteenth Ann. Kep."). The nomen-
clature and classification contained in that report having been given previously, with the

quotation of the sentence, " The stratigraphical view of the Georgia slate, which has

been so ably defended by Professor Hall, etc.," it is sufficient to say that Professor

Hitchcock was no more aware of the true geological horizon of those trilobites than

Professor Hall, and that both had wandered astray in dealing with the paleontological

and geological elements of the Georgia formation.

1861 (Sept.). Mr. Marcou in a letter to Elie de Beaumont, written during his visit at

the honse of jN^. E. Parker, Georgia, gives the first description of the Schistes armaces d

trilobites de Georgia, and places them as a subdivision of the Schistes de St. Albans in

the Upper Taconic. For the first time also, he signalizes the existence of great lentic-

idar masses of very hard limestone, badly stratified and inclosed in the slates, round the

city of St. Albans. (See Coviptes Rendas, Academie des Sciences, tome liii, No. 19,

4 Novembre, 18()1, pp. 803 to 808, Paris.)

1861 (Nov.). -^t the 6th of November meeting of the Boston Society of Natural His-

tory, Mr. Marcou desci'ibed, with details and sections, the Georgia slates as the middle

grou]) of the Taconic. He gave also a history of the discovery of the fossils in the

quarry of N. E. Parker. This is the first detailed description of what Mr. Walcott calls

Georgia formation. The sections drawn on the blackboard were not published until

1880, in Mr. Marcou's paper printed in the Bulletin Sac. geol. France, 3® serie, tome ix,

p. 18: " Sur les colonies dans les roches Taconiques des boi'ds du lac Chamijlain," p. 24

and Plate ir, fig. 1.

The communication to the Boston Society is entitled: " The Taconic and Lower Silur-

ian rocks of Yermont and Canada," by Jules Marcou (Proceed. Boston Soc. Nat. Hist.,

Yol. VIII, 1861 to 1862, p. 239) ; and it is at pp. 244, 245 and 216, that the Georgia slates

arc descriljcd as a special group.

1862 (Mar.). In the "Report on the Geology of Yermont," by Edward Hitchcock and

Charles H. Hitchcock, in two volumes, 4", antedated 1861, but not published until the

end of March, 18(52, at p. 357 there is a Georgia groiqy. No description of Parker's

quarr}^ or any other part of Georgia township is given.

The second edition of Professor Hall's paper on the thi'ce trilobites of Georgia, taken
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from the "Thirteenth Animal Eei^ort Regents' University, New York, 18G1 (not 186 0)

is here reprinted Irom p. 367 to 372, under the title: "Note njwn the Trilobites of the

shales of the Ilndson River group in the town of Georgia, Vermont." But the last

Ijhrase before the final note is omitted. Per contra, a description of a Oraptolithus

Milesi by Professor Hall is added at p. 372.

At the end of the Georgia group, p. 386, there is a Note by Edward Hitchcock ex-

jiressing his doubt about Barrande's remarks in his " Documents ancicns et nonveaux, sur

la faune Primordiale et le systemc Taconique en Amei'ique." According to Hitchcock,

Logan has suggested that "these shales and limestones (of Quebec and Georgia) are

subordinate to the Potsdam sandstone"— " a deep sea deposit, going on at the same time

with the arenaceous deposit near the shore; whereas Professor Eminons places his Ta-

conic system hdow the Potsdam sandstone, in the same position as the Cambi'ian and

Huronian system. Does he then recognize the Taconic system as understood by its au-

thor, or can it be that Barrande has mistaken his meaning?"
In the geological map of Vermont, at the end of Vol. ii, Plate i, Messrs. Hitchcock,

in the explanation of the colors, place the Georgia slates above the Champlain system

(Cambrian), in the U^jpcr Silurian!

Prof. C. H. Hitchcock on the " age of Taconic rocks," in a letter to Mr. J. D. Dana,

dated February 10, 1880, and published in the Amer. Journ. Sc, 3d series, Vol. xrx, pp.

236 and 237, sa3fs that " there is nothing in the report (on the Geology of Vermont)
anywhere favorable to the Taconism." . . . "Within the past two years I have gone
over most of the Vermont sections, and have felt that they demonstrated the essential

equivalence of the Taconic system with the Potsdam and the overlying limestones and

shales (of the Lower Silurian). I have been throughout inessential accord with you and

Mr. Wing."
1862 (May). In Vol. in, Palaeontology of New YorJc, Part i. Text, Albany, antedated

1859, but not distributed until the end of May, 1862, at p. 525, the paper of the Tivelftk

Ann. Rep. Regents' Univ. New Yorh, by James Hall, is reprinted, with the altered title

of: " Remarks upon the Trilobites of the shales of the Hudson River group, Avith de-

scription of some new species of the genus Olenus," instead of, " Trilobites of the shales

of the Hudson River group," making a fourth variation in the title of that small paper,

in less than three years.

In the American Journ. 8c., January, 1861, p. 123, we I'ead: "The Introduction (of

Vol. Ill, Palaeontology of Neio Yorli) handles with mastei'ly skill the diflicult subjects

connected with the proper classification of the lower horizons of life in our planet. A
review of this important chaj^ter with i-eference to the views of Barrande will probably

appear in our next." That review has never apjieared to this day; and the introduction

rej^eats at p. 14, the statement: "From the metamorphic slates of this group (the Hud-
son River group) on the western slope of the Green Mountains in Vermont, we have

three or more species of trilobites, which are of much interest, being representative of a

genus, but little known in this country," together with the authoritative note, containing

"the testimony of Sir W. E. Logan;" and i-epeated verhatint at the end of the volume,

p. 529, we have the whole " proper classification of the lower horizons of life " as under-

stood and maintained by the paleontologist of the state of New York.

1862 (Aug.). In a printed "Letter to M. Joachim Barrande, on the Taconic rocks of
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"Vermont and Canada," with a " comparative tabular section," Cambridge, Mr. Marcon

describes, at p. 5, the Georgia slates on the fai-m of Di-. Hall, east of Swanton, and points

out two lenticular masses of very hard blue and whitish limestone, inclosed in the slates

and sandstones. The fossils found in the limestone and in the slates are: Olenellus

TJiomjJsoni, 01. Vermontana,' Conoceplialites Teucer, Oholella cingulata, OrtMsina fer-

tinata and Camerella antiquata.

It is in this paper that the announcement is made of the existence of lenticulai" masses

of limestone, more or less glolndar, distributed without any regular order in all the dif-

ferent divisions and groups of the Taconic system, in Vermont as well as in Canada;

and also that at Pointe-Levis and at Phillipsburgh are found in some of the lenticular

masses, Precursory Center of Creation, or Colonies of the Second Fauna inclosed in

strata containing the Primordial fauna; a fact not recorded until then in America and

showing that here as well as in Bohemia we have forerunners and jJi'ophetic ty]}es, sjie-

cific as well as generic, making their appearance in a period anterior to the one in

which they have obtained their full development. Mr. Marcou calls these lenticular

masses, Lentictda,r precursors, in order to distinguish them from the lenticular masses

containing only primordial fossils, as are those of Dr. Hall's farm at Swanton, which he

calls Lenticular j^rimordials.

1867. Prof. C. H. Hitchcock, in a Geological Map of New HampsTiire and Ver-

mont, does not use the name Georgia slates nor Georgia formation, as he did in the

" Geology of Vermont," in 1862, and in the explanation of colors, we have the followmg

classification, in ascending order.

Laurentian.

Montalban or Atlantic.

Huronian.

Kearsarge and andalusite groi;p.

Rockingham and ferruginous schists.

Cambrian clay slates.

Cambrian (Potsdam)

.

Coos group and calciferous mica-

schist.

Cambro-silurian.

Taconic schist.

Helderberff.

Another nomenclature somewhat different from the one given in his geological map of

Vermont of 1861, but in Avhich he maintains the Taconic as Upper Silurian. The
township of Georgia, on the map of 1867, is colored as Potsdam and Cambro-silurian.

1867 (Dec). Pev. John B. Periy, in a paper entitled: "Queries on the red sandstone

of Vermont and its relations to the other rocks," read and published, in the Proceed.

Boston Soc. Nat. History, December 18, 1867, Vol. xi, uses the name Georgia slates,

with the same meaning that Mr. Marcon does, giving also the same list of fossils (see

Separate, ]). 9, 1868).

1880 (Nov.). Mr. Marcou publishes in his paper, "Sur les colonies dans les roches

Taconiques des bords du lac Champlain {^Bulletin Soc. geol. Prance, .3® serie, tome ix, p.

18, Paris), a detailed description of Georgia, with sections in the text and on Plate ii,

and a geological map of all the area round Georgia, Parker's farm and St. Albans. He
uses the name Schistes de Georgia and mentions two new fossils, a brachiopod and a

Dikelocephalus.

1884 (Feb.). The Bulletin American Museum of Natural History, j!*^ew York, Vol.

I, Xo. 5, contains two articles: "Notice of some new species of primordial fossils, etc.,"

by R. P. Whitfield; and "Geological sections across I^ew Hampshire and Vermont,"
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by C. H. Hitchcock. In the first article Mr. ^Vliittiekl describes from the Georgia slates

the fossils found there, as far back as 1861 and 1862, by Jules Marcou, under the names

of Orthisina orientalis and DiTcelocephalusf Marcoui. He gives also a better figure and

description of Olenellus Thompsoni with the long caudal spine, from a specimen found

by Marcou ; and finally he adds a new trilobite Jbigelina HifcJwocli, also from Parker's

quarry. He regards the Georgia slates and even the limestone at Pointe-Levis as be-

longing to the tyiiical Potsdam, without saying if it is the Potsdam sandstone of the

village of Potsdam, or at Keeseville, or at any other locality in the state of New York.

Mr. Hitchcock describes several sections. His aiinnber " 6. Clay slates and argilitic

and other schists, supposed to be of Cambrian age. Of these, the Georgia slates of

the Vermont report contain the Olenellus and Angelina, etc." At p. 158, he says, " It is

just here that the fatal defect of the establishment of the Taconic system, as defined by

Emmons, exists. His palaeontological arguments were better than the stratigraphical."

Finally, Professor Hitchcock closes his article with some remarks on " Colonies," indors-

ing Logan's sections at liighgate Springs and Swanton, and the reality of his theory.

1885 (Jan.). "The Taconic system and its position in stratigraphical geology," by

Jules Marcou, communicated December 10, 1881, to the American Academy (Proceed.

Amer. Acad. Arts and Sciences, new series, Yol. xir, p. 174, Cambridge), contains a

tabular view of the Taconic, p. 224, where the Georgia slates or Olenellus zone is placed

in the middle of the Taconic. And at p. 231, another tabular view of the Eureka sec-

tion by Mr. Walcott shows that the lower part of the Prospect Mountain limestone of

Nevada is regarded by Marcou, as the equivalent of the Georgia slates or Olenellus

zone. In this memoir Mr. Marcou gives the History—1837-1881—of the Taconic sys-

tem and valuable letters of Dr. E. Emmons, Joachim Barrande and E. Billings, ad-

dressed to him, from 1860 to 1882, on that question.

1886 (Dec). Mr. "Walcott published his "Second contribution to the studies of the

Cambrian faunas of North America (Bulletin U. S. Geol. Survey, No. 30, Washington),

containing at pp. 15, 16, and 17, a Georgia section, taken on almost the same line as the

one given by Mr. Marcou in 1880. He calls the strata " Middle Cambrian = Georgia for-

mation or Olenellus," with a thickness of 4500 feet. The Georgia slates, No. 6 of the

section, 200 feet, contains, besides the fossils already described, several new species,

Climacograptus? Emmonsi, Orthisina transversa and Microdiscus Parheri; and also

several found before in other places, but not in this locality, before Mr.Walcott's researches

at the Parker's quai-ry.

" The Georgia section is the most complete yet taken in Vermont," says Mr. Walcott,

showing that Mr. Marcou's researches limited between Georgia, Phillipsburgh and

Chazy, are amply justified as the most important region of the Taconic, north of the

Taconic range. In beginning his studies of the Taconic system, at the same spot,

twenty-foiu- years after him, Mr. Walcott had a base, on which he was able to improve

and correct errors, at the same time that he brought with him his experience and knowl-

edge of the Taconic system of Nevada and the Great Canon of the Colorado.

Paleontological remarls.— The paleontological part of Mr. Walcott's memoir under

the title of, : Description of the Middle Cambrian fauna, pp. 72-222, is excellent and

of great value to the progress of the Taconic question. Apart from a few discrepan-

cies in the synonymy of species, and priority of publications, both easy to con-ect, I shall

call attention only to a few points.
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1. Atops trilineatus is one of the first primordial fossils described, in 1844, by Dr.

Emmons, as a new species and a new genus. Prof. James Hall identified it with Caly-

mene Beddi, in 184:7, supjjressing at the same time the genus and the species. He was
followed in his determination by Messrs. Fitch (1849) and Walcott (1879). In 18G1,

Barrande accepted the view of Emmons, recognizing characters special to the trilobites

of the j^rimordial fauna, and he opposed Hall's identification with Calymene BecMi.

Mr. Ford in 1871, 1873 and 1880 regarded this trilobite as a Conocephalus or Conoce-

phalites or Conocoryplie, consequently as a true primordial fossil.

Finally, Mr. Walcott, retracting his first view of 1879, considers it as a Ptyclioparia,

a sort of S3aion}an of Conoceplialites and also a primordial genus. I may add, that

Professor Walcott noAV thinks the fossil is not a Ptyclioparia {ConocephalUes)

.

I have always thought that Dr. Emmons Avas right in making it a new type having

many affinities with the genus Sao, and I have, ever since 1860, used the fossil under

the name of Aiops trilineatus and as a characteristic primordial American fossil. From
the primitive Taconic region of the vicinity of Troy and in Washington County, New
York, it has also been found, first in 18G7 at Swanton, Yermont, and afterward at Bic

Harbor on the St. Lawrence opposite the Saguenaw river, Canada.

All the different generic names given after that of Emmons are very unfortunate and

in direct violation of the law of priority. Aiops is a good name which ought to be re-

tained. The fossil is not a Conoceplialites, and even if it were, Atojjs has priority over

Ptychojyaria hy three years, for Corda did not create that genus until 1817, while Em-
mons' figure and descrijition dated from 1814.

2. PJlliptocej)hala asajihoides, another of the very fcAv primordial fossils, first found

and described by Emmons, is also a good species and a good genus. As I have said

already. Prof. J. Hall made unnecessary new names Barrandia and Olenellas which

created confusion Avithout any apology for it ; for the name Paradoxides, used by both

Emmons and Barrande, was sufficient to characterize the fossil until a good and ajjpro-

priate name could be chosen to replace Elliptocephalus if necessary.^ Ehenezeria may
be used noAV, in honor of the discoverer of the Taconic system; but, like Dr. Ebenezer

Emmons, I think that it Avill be best and in accordance Avith priority to retain Ellipto-

cephalus.

3. Protypns Ilitchcochi, first referred by Mr. "WTutfield to the genus Angelina, is

made the foundation of a new genus by Mr. Walcott. That creation seems unnecessary,

for the tAVO fossils referred to Protypus belong to the genus Ellijisocejjhalus, Zenker,

1833, a Primordial trilobitic type of Bohemia, Avhich those two fossils represent in the

NcAV World.

4. Microdiscus quadricostatus, published and established in 1855, is another good
creation of Dr. Emmons, rightly referred by him to the Taconic system. The supposi-

tion, that it came from the Lorraine shales of Augusta county, Yirginia, and is a

Trinucleus, is, on the part of Professor Walcott, conjectural, and it maj^ lead to curious

confusion if accepted Avithout very clear and unquestionable facts. It Avould have been

strange if Dr. Emmons, always so successful in his classifications and paleontology of

' " The genus Ellipsocephalns was uiikiiowii to me at the to retain it for the present" (see Emmons' Aiitcrirau Geol.

time of tlie publication of ElUptucephahia ; the name, from Vol. i, Part ii, p. 114, 1855).

its similarity, is uo doubt objectionable, but I am disposed
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the oldest palaeozoic rocks, had made a new genus from a specimen of a Trlnucleus

:

a genus which, after all, is regarded by Messrs. Salter and Walcott as being a good one

when applied to four other fossils, all of the American primordial fauna.

OraptoUtas zones of America.—Fiually, Mi'. Walcott, at p. 92, makes strictures on an

extract of a letter of Emmons to Marcou, published in " Taconic system, etc." {Proceed.

Amer. Acad., Vol. xii, p. 188, CamJjridge, 1885), in i-egard to the beautiful Taconic

Graptolites referi'cd by Mr. James Hall to the Lori'aine shales (Hudson River gronjj).

Professor Walcott thinks that " Emmons had not a ck^ar idea of the position of the

shales of the Hudson valley that contains the OraptoUtes . . . nor of the shales at

Pointe-Levis carrying the graptolitic fauna." Farther on, he adds, " Pi'ofessor Marcou
refers the strata containing the Clraptolitcs to the Taconic, and places it below the Pots-

dam sandstone, but I think without either stratigraphic or palaeontologic evidence."

Mr. Marcou has given proofs of the Taconic age of the ^' Black slates " of Emmons at

Swanton, Highgate, Phillipsburgh and Quebec, in publishing geological maps, sections

and tabular views, repeatedly from 1861 to 1885.

The graptolitic questiou must be studied not in doors, but in the field, and all that I

have seen in Vermont and at Quebec confirms and sustains the opinion expressed by

Dr. Ennnons.

The Director of the Canada Geological Survey, Mr. Selwyn, says: "Unfortunately in

Canada geology, hitherto the stratigraphy has been made subordinate to mineralogy

and palaeontology" (see The stratir/rajjJiy of the Quehec group and the older criistalline

rocTxS of Canada, p. 14, 1879, Monti-eal), a remark, l)v the Avay, of wliich he made no use

himself, and which is equally true for the whole Taconic area in the United States.

It is to be hoped that the paleontologists, who occupy themselves more especially

with the studies of Graptolites, will conform to stratigraphy and not force the different

zones of Graptolites all ovei- the world, in America as well as in Europe, Asia and Aus-
tralia, into the same horizon whether they belong there or not.

There are three zones of Graptolites in the Taconic system of eastern America. The
oldest is in the St. John group and Georgia slates. The second horizon exists in the

Pointe Levis or Pliillipsburgh group, where are the celebrated com])ound Graptolites,

with many others. Then the third zone in the Swanton slates, near Swanton's bridge,

and in the Quebec citadel slates at Quebec city and at the island of Orleans. Finally \n

the Utica and Loi-raine shales, there is anothei" graptolitic zone represented by only fonr

or six species at most.

I do not enter into subdivisions of those four different great graptolitic zones, which

according to localities can be divided in stages and even in beds; for only local descrip-

tions and minute surveys can give tlwjse limited zonal details. But I give two tabular

views which show at a glance the great divergence of opinions existing in regard to

classifications and nomenclature.

Table A is taken from "C. Lapworth on Graptolites from Lower Palaeozoic rocks"

(Trans. Roy. Soc. Canada, 4°, 1886, p. 183, Montreal).

I have reduced it to a smaller form, suppressing the names of the species of Graptolites

and several names of localities in Canada and jSTew York, l)ut keeping carefuU}^ the divi-

sions and classifications of Professor Lapworth.
MEMOIRS BOSTON SOC. NAT. HIST., VOL. IV. 19
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TABLE A.

SHOWING THE VARIOUS HORIZONS, AND APPROXIMATE GEOLOGICAL AGE OF THE SEVERAL AMERI-

CAN GRAPTOLITIC ZONES, BY CHARLES LAPWORTH, 1886.

GUAPTOLITIC

ZON ES.

Nkw York. Canada. Systems.

1st Zone.

2i]cl Zoue.

3cl Zone.

Loriaiiic shale.s (Graptolites).

Utica slates (Graptolites). .

No Lorraine sliales.

= Utica slates of Lake St. John and Ottawa.

Pie-Utica? or shales of Citadel Hill, Quebec.

;
(An horizon unknown in New York.)

Trenton and Black river, of Nor-

|inanskill, near Albany.

(Graptolites).

= Pointe Lfivis or Trenton and Birdscye

(shales of Marsouin river, etc.)

Chazy and Calciferous.

(No Graptolites).

: Quebec group jChazy or Levis,

of Locran. |

ICalciferons or iThree dif-

Levis and > ferent

Quebec. ) horizons.

I
Cambrian (upper)

or Pri-

> mordial System.

According to his view, the Quebec group of Logan is divided into an upper part,

which he calls Levis or Phyllogra'ptus zone of St. Anne river; and a lower part, or Que-

bec and Levis (probably of Calciferous age) with three subdivisions or horizons contain-

ing Dictionema and Oldhamia. The upper part is the equivalent of Chazy and belongs

to the Ordovician or CainJjro-silurian, or upper Cambrian of Sedgwick. The lower part
—"probably of Calciferous age"— belongs to the Upper Cambrian of Lapworth (not

Sedgwick)

.

The author recognizes the great difficulty of dividing the Quebec group into two

parts, belonging to two different systems, and asks for a "careful study" in order to arrive

at "the solution of the great geological enigma of the Quebec group and its puzzling

associates." Professor Lapworth says: "The so-called Quebec rocks, of the toAvn of

Quebec, . . are not of Quebec age at all. . . They appear to be of greater an-

tiquity than the Utiea slates of Lake St. John." In his tabular view, he places them a

little below theLTtica, as "pre-Utica," above the Trenton, thus creating a group unknown
in New York. lie also says: "Thus it appears at present that we are destitute of any

clear evidence that true Utica and Ilud.son river (or Lorraine shales) strata occur any-

where along the south side of the St. liawrence from Gaspd to Quebec." A very impor-

tant conclusion, differing widely from the classification used until now by the Geological

Survey of Canada.

Table B shows four graptolitic zones instead of three, and unite together northeastern

New York, western Vermont and the province of Quebec in Canada.
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TABLE B.

SHOWING THE VARIOUS GRAPTOMTIC ZONES, GEOLOGICAL AGE AND CLASSIFICATION FOR THE
NORTHEASTERN PART OF NORTH AMERICA, BY JULES MARCOU, 1887.

Graptolitic

Zonks.





VI. The Entomophtiioreak of the United States.

By Roland Thaxter.

_l HE material upon which the following- account is based was accumulated, for the

most part, during the seasons of 1886-7, from several localities in ^ew England and in

North Carolina, Avhich were examined with such thoroughness as the limited time at my
disposal would allow. The New England material was chiefly collected at Kittery

Point, Maine, the southei-nmost point in the state, and in the vicinity of Boston; while

the remainder is the result of two weeks botanizing in the alpine and sub-alpine region

of Mt. Washington, X. H. The more southern foi-ms represent three principal localities

in or near the western jjortion of North Carolina. Of these Cullowhee, 2400 ft. above

the sea, is the southernmost, having a flora of a distinctly southern type; while the two
others. Cranberry (3250 ft.) and Burbank (E. Tennessee, 3500 ft.), have a climate and

flora not unlike that of the southern New England states. The eastern section of the

United States is thus fairly well represented in so far as the localities which have been

studied are concerned; yet it is scarcely necessarj^ to remark that the forms obtained dur-

ing a few weelcs' sojourn in each locality, in the course of general botanizing, can repre-

sent only in a fragmentaiy way the Entomophthoreae of this section of the country. The
forms occm-ring in the more remote regions of North America are, moreover, as yet al-

most AvhoUy unknown ; and, although my observations have served to increase the num-
ber of American representatives from four pi'cviously recorded forms to the considerable

number hereafter enumerated, it cannot be supposed that the record is other than very

impei'fect. The present paper is therefore complete only in so far as I have endeavored

to combine my own observations with those of previous students of the group in this

countr}^ and in Europe.

For this purpose the literature of the subject has been consulted as far as has been

practicable, and a list of the papers that I have myself seen is appended to this memoir.

It should be understood, however, that this list is not intended as a complete record of

all that has been written upon the subject, and is merely given for convenience of refer-

ence in the text.

The Russian publications of Sorokin were kindly procured for me in St. Petersburg

by Mr. Charles Eliot, and for some laiowledge of their contents I am indebted to Mr. Ivan

Panin. Foi- the privilege of examining the remaining papers, not contained in the Uni-
vei-sity libraries in Cambridge, together with other invaluable assistance, I am indebted

to I'l'ofessor Farlow, in whose laboratory the microscopic Avork upon my pa])er has been

for the most part done. To Miss Ilapgood I owe certain extracts fi-om the Polish of

HIEMOIHS IIOSTON SOC. NAT. I1[ST., VOL. IV. 20 (.133^
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Xowakowslvi, and- 1 am also indebted to Pi'ofessor Farlow, Messrs. C. Y. Rile}', L. O.

Howai'd, Ileniy Edwards and A. F. Chatfield for several interesting specimens. To
Mr. C. W. Woodworth and Prof. S. W. Williston I also owe certain entomological de-

terminations.

The plants that are to be considered in the jircsent paper belong to a class which, al-

though made up of sevei-al groups ditfering Avidely from one another in their habit and

affinities, is yet, by reason of a peculiarity common to all its members, possessed of a

certain individuality of its own that renders it susceptible of a consideration ajjart from

all other forms of plant life. Tliis peculiarity, by reason of which the class is usually

characterized as entomogenous or entomophytous, consists in an obligatory parasitism

\i})on insects, which, although in some instances it exists without apparent injur}* to the

insect host, is usually of such a nature as to cause its death; often resulting, especially

among noxious insects, in widespread mortalitj^

Although a few of the more common or conspicuous forms of entomophytous plants

had attracted the notice of botanists even in the last centui-y, it was not until within

comparatively recent years that they began to be studied with any care, and the work

of Kobin^ is the first contribution of importance on the sul)ject. This work still remains,

Avith two exceptions,^ the only attempt that has been made to bring together all the known

forms of insect parasites; biit since its publication ver^y important contributions have been

made to our knowledge of the subject, through the medium of numerous scattered

papers.

My attention was first turned in this direction in the course of entomological studies

on the life-histories of certain insects; in the course of which I was often greatly annoyed

by losing large numbers of larvae and pupae through the agency of fungi. Having by

this means and from other sources accunuilated a certain amount of material, it was my
first intention to include in my paper all the entomogenons plants recorded from Amer-

ica; yet, owing to the many difficulties presented by the ascomycetous forms, involving

a careful study and comparison of more ainindant material than I could connnand, as

well as by reason of the considerable additions to our Entomophthoreae resulting from

my observations, I have decided to confine myself for the present to the members of this

fiunily, trusting to a future opportunity of extending my pajier in conformity with my
original plan. In the meantime a brief summary of the more important groups may not

be out of place in this connection, and will be a fitting introduction to the more detailed

consideration of the Entomophthoreae which follows.

Summary of entomogenous j)lunts.—Although the spiders and myriapods are not ex-

empt from the attack of peculiar vegetable parasites, the hexapod insects ofter by far the

greater number of instances of this nature. Among the seven orders of the latter class

usually enumerated, the Xeuroptera and Orthoptera are almost wholly free from such

attack; and, luitil recently, the first named order was considered wholly exempt in this

respect. Of the remaining orders the Lepidoptera and Diptera are apparently the great-

est sufferers; while the Hemiptera, Coleoptera and Hymenoptera are about equally af-

1 c. Robin, I. c. "I'll ^ii'c known to form the bases of fungokl parasites,

'Sorokin, 1. c, C, and Gray, G. E : Notices of insects London, I8JS.
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fected. Of the clifTerciit stages of insects the imaghies, larvae and pupae may all be

parasitized, and in some instances a single parasite may attack all these stages in one or

more species of the same or different orders; while in others it may confine itself to a

single stage or species.

Entomogenous plants may in a general way be referred to five principal groups: one

including the bacterial fomns whicli produce disease in insects; a second represented by
certain entophytous algae; and three others all belonging to the fungi proper.

The first mentioned grouj), represented by the Bacteria, is chiefly of interest from an

economic, rather than from a botanical point of view, as the supposed cause of destruc-

tive epidemics among useful as well as noxious insects. Instances of this kind ai-e pre-

sented by the disease known as ffacherie so destructive to silk worms, and in aftections

of a similar nature in other insects, Avhere the "active principle " has, in some cases,

been traced to bacterial forms which have been considered sufficiently peculiar to receive

distinctive names. The systematic study of the group is necessai-ily one of great diffi-

culty, and any opinion as to the validity of specific distinctions in such cases can only

be formed by specialists in this department; but from a jjractical standpoint the existence

of such aftections promises to afford an important means of defence against noxious in-

sects.

The second group includes a small inimber of peculiar filamentous algae, represented by
Enterohryus and its allies, that live attached to the digestive tracts of certain myriapods

and coleopterous larvae. They are apparently nearly related to Oscillaria or Beggiatoa

among the Protophytes ; but, owing to insufficient observations upon them, their exact af-

finities are nnknoAvn. Their habit is probably one of commensalism, rather than of true

parasitism; the partially digested food of the host being absorbed directly from the di-

gestive traet.^

"

The fungoid parasites of insects are, as before mentioned, represented by three chief

groups : the Entomophthoreae, the Laboulbeniaceae and the entomogenous forms which

constitute the l)ulk of the genus Cordyceps. Since the first of these is to receive spe-

cial consideration hereafter, it need only be said that its members are closely allied to the

Mucorini among the Zj^gomycetes, and are entomogenous with few exceptions.

The Laboulbeniaceae constitute a small group of very peculiar and minute forms Avhich

have been placed by DeBary among the doubtful Ascomycetes. Their parasitism is

an external one, which apparentl}^ results in little if any inconvenience to the host; each

individual being fixed by a pedicellate attachment to the legs, thorax or other portion of

the affected insect. Several genera on Diptera, Coleoptera, etc., are described by Pey-
ritsch^ to whom we ai-e principally indebted for our knowledge of the group, although the

first genus of the ftimily {^Lahonlh^nkt) was described and figured by Robin.^ The
single American representative thus far recorded has been described by Professor Peck
as Ap2:)endicularia entomojjhila, n.g. et sp.*

The pyrenomycetous genus Cordyceps affords by far the most conspicuous examples

of entomogenous plants, many of which are of large size, or brightly colored, and have

' See Leidy, Smiths. Contr. to Knowletlge, v, pp. 1-67 p. 227 (1873) : 72, i, p. 377 (1875), plates.

(1853) and Kobiu I. c, p. 395. ^l.c, p. 622, plates.

' Sltz. d. Akad. wiss. Wieii., 64, i, p. 441 (1871) : 68, i, * Peck, 38tli Report, p. 95, with plate.
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therefore received more attention from earlier hotanissts. Their imperfect or " Zs^t/'ia
"

condition is familiar to all entomologists as a pest in breeding cages and puparia; al-

though the ascigerous condition is usually of rare occui-rence. They attack all orders

of hexapod insects, larvae and pupae as well as imagines, and also certain spiders; often

producing what is vulgarly known as a "vegetable sprout" several inches in length.

A consideral)le number of American species are recorded; yet, OAving to the lack of suffi-

ciently well-marked microscopic characters, as well as to the scarcity of good material

for study, the gi-oup presents many difficulties, as is usual in cases when too great re-

liance has been placed upon gross characters as a means of specific distinction.

In addition to the groujis above mentioned there are several other isolated instances

of entomogenous fungi, among which should be mentioned the so-called Botrytls Bas-
siana which produces the disease known as MaxcanUne, so destructive to silk worms in

EurojDe and apparently identical with a similar form occnrring in this country.

Facultative parasites of insects.—In addition to the obligate parasites briefly enumer-

ated above, insects are often snbject to the attack of numerous small moulds and bacteria

which are in no sense peculiar to them, although they may temporarily assume a habit

which is practically that of a true parasite, entering the living host and causing its

death. It seems also probable that one or two forms which are truh^ entomogenous are yet

saprophytes, as in the case of a certain Cordyceps (C. armeuiaca) presumably growing
upon the remains of insects in the excrement of insectivorous liirds, as well as the

members of the genus Basidiobolus hereafter mentioned, which occur upon the excre-

ment of frogs and lizards. DeBary has also pointed out that the species of Cordyceps

are normally pailial sapi'ophytes, since they attain their full development after the death

of the host; but whether wholly parasites or saprophytes, or parasites and saj)ro2ih3'tes

combined, their 2:)eculiarity in growing naturally only upon insects or insect remains con-

stitutes them entomogenous, in the sense in which I use the term, to the exclusion of

such fonns as PenicilUwin^AsjJergillus, Cladospioi'ium and the like; which, although they

may at times not only grow on insects, but become temporarily truly parasitic upon

them, are yet found in nature on a great variety of other substances.

With this brief I'cference to entomogenous plants in general we may now turn to the

consideration in detail of the group which forms the subject of the present paper.

Entomophthoueae.

General characters.—This family at jiresent comprises several genera, the members

of which are not all entomogenous, though closely related structurally. They are dis-

tinguished by the production of numerous hyphae of large diameter and fjitty contents,

which, in the insect forms, ultimately emerge from the host in white masses of charac-

teristic appeai-ance and produce at their extremities large eonidial spores which are vio-

lently discharged into the air and propagate the disease. The common house-fly fungus

is perhajis the most familiar example of the kind, and no one can have failed to notice

the aifected flies in autumn or late summer adhering to looking-glasses or window-panes

surrounded by a smoky halo of discharged conidia. In addition to these conidia the

propagation of the fungus, after long periods of rest, may be provided for by the forma-
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tion of thick-walled resting spores iidapted to withstand successfully the most unfavorable

conditions. These resting- spores, which may be either sexual (zygospores), or asexual

(azygospores), finally germinate and produce conidia that are discharged in the usual

fashion and serve to infect fresh hosts. Such in brief is the general mode of develop-

ment in Entomophthoreae; yet it is subject to so many variations and modifications in

the ditterent genera and species that a detailed comparison of them is instructive as well

as necessary for a sufficient understanding of the family. I shall therefore consider each

stage among the Empusae in some detail, having first briefly mentioned the more impor-

tant jwints of structure in the remaining genera. These genera are four in number:
Completorla, Coii'ulioholus, Basidioholus and Massospora, the members of which, as al-

ready mentioned, are not all entomogenous.

The genus Completo7'la, which, as has been pointed out by IS^owakowski and others,

should be placed among the Entomophthoreae, was discovered by Lohde {I. c.) in the \)vo-

thalli of ferns and has been subsequently more thoroughly investigated by Leitgeb (I. c).

Its presence is indicated by brown spots upon the prothallus within the cells of which it

exists in the form of short thick h3qjhae, which spread from cell to cell by means of slen-

der projections. The latter penetrate the cell wall, which becomes modified around them
into a sheath-like structure, and having thus gained access to an adjoining cell con-

tinue their development at its expense. The two usual forms of reproduction, by means
of conidia and resting spores, are found in the genus and are of a veiy simple type.

When about to produce conidia the short tliick hyphae or hijphal bodies, as they may be

termed for convenience, germinate sending up asexually fructifying hyphae or conidio-

pliores which, after penetrating to the surface of the prothalhis, become swollen at their

extremities and produce ovoid conidia which are discharged into the air. After their

discharge the conidia become pear-shaped, and the basal papilla of attachment to the

hasidium, or swollen extremity of the couidiophore, is protruded as a hyaline append-
age {JVabel). The conidia germinate and spread the disease by entering other pro-

thalli with which they may come in contact. The resting spores are formed within the

cells of the prothallus, and result from the mei-e contraction of the contents of the hy-

phal bodies, which become surrounded by a thick wall. According to Leitgeb, this

formation shows no indications whatever of a sexual origin, although his figures do not

seem to preclude such a possibility in view of what is at present known of sexual proc-

esses in the group. The germination and further development of these resting spores

have not as yet been observed. The genus is at pi-esent represented by a single species,

Completoria complens Lohde, and has been found and cultivated I)y Leitgeb upon pro-

thalli of numerous genera and species. It is at present unknown in this country. From
this comparatively simple form we may now pass to the consideration of one somewhat
more complicated, which is also parasitic upon another plant, in this instance a thallo-

phyte.

The genus Conidioholus was accidentally discovered by Brefeld in connection with

his researches upon the Tremellini on which it is parasitic; and its discoverer, having

obtained spores from cultures in which it had appeared, was enabled by cuhivating them
in nutritive solutions, to trace its development with the greatest completeness. The co-

nidia grow readily in a decoction of horse dung, forming a mass of branched and
rarely septate hyphae; which, having nearly exhausted the nutritive solution, become
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broken up, through the formation of jjartition walls, into numerous irregularly lobulated

fragments which correspond to hyphal bodies, as I use the term. These loljules appear

early in the development of the hyphae, in the form of irregularly swollen projections

from them; and mark the points of origin, even at an early stage, whence the conidio-

phores are subsequently to arise. Shoitly after this general disintegration of the hy-

phae, single, simple conidiophores arise fi-om each fragment, in number corresponding to

the swellings above described, and produce large, ovoid conidia which are dischai-ged in

the usual way. The chief interest of the genus lies, however, in the formation of its rest-

ing spores, which seem to be of sexual origin. This formation of zygospores appears

as that of the conidia begins to disaj^pear, so that both forms are at first developed side

by side, while eventually the conidial formation ceases entirely,— a circumstance which

seems to verify this author's previously expressed opinion that an alternation of some

regiTlarity exists between the appearance of the two types of reproduction. In the for-

mation of these zygospores, hy[)hae arise from swollen projections, similar to those

already described as being the origin of the conidiophores, which, after a variable devel-

ment, conjugate through the a])position of their swollen extremities, the contents of one

extremity uniting with that of its fellow through the absorption of the intervening-

walls, and producing in one of them a thick-walled zygospore. Owing to a difference

in size of these conjugating extremities, Brefeld was inclined to place the family among
the Oomycetes; but the previous observations of NoAvakowski' in Empusa, together

with more recent studies of the family, render this impi'obable. In from ten daj^s to five

weeks after their formation, the resting spores were made to germinate; and sending out

one or more hyphae produced usually a single conidium resembling those characteristic

of the species. Of these, two are described: Conidioholiis utriculosiis and C. minor,

neither of which has been observed in the United States.

The genus BasicUobolus, discovered by Eidam, is perhaps the most interesting of the

Entomophthoreae from the unusual ditferentiations which accompany its asexual as well

as sexual reproduction. Unlike other members of the group the species are wholly sa-

prophytic, occurring naturally upon the dung of frogs and lizards after evacuation ; while

they may be readily cultivated in nutrient solutions similar to those employed by Brefeld

in his study of Conidiobolus. According to Eidam, the fungus is present in the digest-

ive tract, only in the form of spores or hyphal bodies which are dormant until they are

evacuated with the faeces upon which they subsequently develop, forming large color-

less hyi)hae with numerous cross partitions. These hyphae do not become broken up

into hyphal bodies before rej^roduction commences, except in so far as this condition

may be approached in cases similar to that figured by Eidam"^ where, in a concentrated

nutrient solution, the segments of the hyphae become rounded; but do not, however,

break apart as in Conidloholas. In reproduction the hyphal segments may produce

slender single conidiophores which, rising vei'tically, become greatly swollen at their ex-

tremities. From the apex of this conidiophore the large conidium buds and, during its

formation, the swollen extremity which bears it becomes modified by the contraction and

thickening of its walls into a j)eculiar piece or hasidium, which is discharged, together

with the conidium, by the explosion of the slender conidiophore.

H. c, A. -l. c, PI. IX, tig. 10.
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The formation of zj'gospores is also quite peculiar, and always results from the conju-

gation of two adjacent cells in the same hypha, except in some instances where two co-

nidia may conjugate directly. In either case conjugation is preceded by the formation

of jRnger-like processes from either of the conjugating cells, which, arising opposite each

other, are usually closely api)lied. Conjugatiou, however, does not take place by means
of these processes which, at first sight, would suggest a Rhijncho7ierna-\\kQ type; but by
the absorption of the partition wall between the conjugating cells and the direct passage

of the contents of one into the other. In this instance, as well as in Conidioholus, the

cell in which the zygospore is to be formed is recognizable before conjugation by its

larger size. The function of the finger-like processes above mentioned seems wholly

connected with the division of the nuclei which pass iuto them and become divided in

two parts; the upper portion disappearing without becoming a new nucleus while the

lower passes as a nucleus into the zygospore. The zygospores are of two varieties: one,

larger than the moi-e common form, is very thick walled and covered by a peculiar brown
incrustation which renders it opaque; the smaller and more usual variety was made to

germinate in nutrient solutions and produced hyphae which developed the characteristic

conidia of the species.

Two genera lemain to be mentioned: Tarichium of Cohn and Massosj)ora Peck. The
former, as has been several times pointed out by writers on Entomophthoreae, is, with-

out doubt, merely the resting stage of some Empusa, the conidia of which are as yet

unknown. In Massospora, however, which has not, T believe, been previously referred

to the present famil}^ we have a form quite peculiar, the near afiinities of which cannot

be determined by reason of the absence of any knowledge concerning the foi-mation of

its resting spoi'es, or the germination of the multitudinous internal spores which char-

acterize the genus.

With this brief mention of the remaining genera we may now pass to a consideration

of the genus Empnsa, which, with its snbdivisions, includes only cntomogenous forms.

I have ])referred to consider these subdivisions as a whole under Empusa as a matter of

convenience, as well as from the fiict that I am not at present inclined to believe that

they have more than a subgeneric value; but my reasons for this course, as well as for

my use of the name Emjmsa in preference to Entomopldlwra, may be better given here-

after when the principal morphological differences in the species have been touched

iipon.

The Genus Empusa.

Infection a7id production of hijphal bodies.—As has already been mentioned, infection

among entomogenous Entomo])hthoreae results from contact with a conidial spore which,

adhering to the insect host, enters its body by means of a hypha of germination. The
exact method of this entrance is hardly a subject for actual observation unless, perhaps,

in insects which, like many aphides, are semitransparent, and, owing to theii- soft integu-

ment, afford an easy entrance to the hypha at almost any portion of the body. In other

insects, more especially beetles, grasshoppers, ichneumons and the like, the horny integ-

ument must diminish considerably the chances of infection ; and in such cases the stig-

mata or the thin membrane connecting the body segments and leg joints must be the
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principal points of entrance. Infection, resulting from the ingestion of spores with the

food, does not, I think, occur as is indicated by experiments with wood crickets which

will be'mentioned under E. GrylU; and, as a rule, the digestive tract during life does

not seem to be penetrated by the fungus.

After the hypha of germination has entered the body of the host, it develops with some

rapidity at the expense of the softer tissues. This growth usually differs from that de-

scribed in CoHidiobolus from the fact that, instead of producing a branched mycelium,

the hyphae multiply, not by branching and continuous growth, but by the formation of

what I have previously called hyphal bodies, which consist of short, thick fi-agments, of

very varied size and shape, that are continually reproduced by budding or division until

the insect is more or less completely filled Avith them. In some instances these hyphal

bodies have been observed as naked masses of protoplasm with an amoeboid movement,

as is stated to be the case in E.colorata; but in most instances a cell wall may be dem-

ousti-ated. In E". Grylli, at an early stage, the hyphal bodies may be seen loosely adher-

ing in clusters as aresult of continued budding; but more often in this and other species

they occur singly or in pairs. It is probable, however, that this mode of development is

subject to considerable variation and that in some instances a mycelium may be produced

directly, after the entrance of the germinating hypha. I have been unsuccessful in en-

deavoring to cultivate conidia in sterilized solutions; although, by employing a drop of

Avater in which numerous aphides had been crushed, I was enabled to obtain a fairly

vigorous growth from the conidia of E. apliidis. In this case the germinating hypha

branched in all directions, forming a considerable mycelium with numerous septa; but,

owing to the lack of nutriment as well as to the presence of bacteria, the hyphae soon

became much attenuated and finally died. DeBaiy^ states that this production of a

mycelium as a first result of infection occurs in E. oiyispora, E. cxirrispora and E.

sphaei'osperma {i-adicans) ; but, according to IS^owakowski, in his summary of the Em-
pusae, the first two are not thus characterized, while my own observations of E. spliae-

rosperma do not bear out his statement that the "fungus growth" within the host is

filamentous in all cases. It seems not improbable that both forms of develojmient may
occur under diflerent conditions; but, how^ever this may be, the termination of the first

or merely vegetative condition of the fungus consists in the production of a mass of

hyphal bodies Avhich fill the host more or less completely ; and in no instance, I believe,

is this stage or its equivalent omitted by the direct growth of the original hyphae into

conidiophores. On this assumption, in cases Avhere a direct mycelial growth follows

the entrance of the hypha of germination, if indeed such instances occur, this myce-

lium must fall to ])ieces into hyphal bodies, before the commencement of growth the

direct object of which is reproduction, in a fashion resembling that above described at a

similar stage in Conidioholvs.

The hyphal bodies, the production of which usually marks the end of any appropria-

tion of nourishment from the host and generally occurs at about the time Avhen the host

has ceased to live, are in many cases somewhat different from those which have previ-

ously characterized the fungus and often possess great regularity, both in size and

shape, closely resembling spores. In E. Eresenii, for example, the oi'igina! hyphal bodies

'Vcrgl. Morpliol. d. I'ilzo, etc. ' /. c, B, p. 170.
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are such as are represented in figs. 106-108, while fig. 127 shows examples of those

which precede the spore formation and are derived from them. In other cases, the ulti-

mate hyphal bodies may be very irregular in size and shape. In all instances, they contain

a highly concentrated fatty protoplasm and are capable of subsequent and often very

extended development.

Having reached this condition by the production of a mass of hyphal bodies, the fun-

gus, under favorable conditions of temperature and moisture, may proceed at once to

the completion of its development; but if these conditions are absent, a resting or

chlam3'dosporic condition supervenes, in which the contents of each hyphal body be-

come surrounded by a single wall of variable thickness according to the duration of

this enforced resting stage. In this manner, the fungus may remain dormant for a

considerable period until the presentation of proper conditions for fui'tlier growth. How
long the chlam3'dospores may live, I am unable to say; but I have observed their germi-

nation after several weeks, and they probably I'etiiiu their vitality for a much longer

period, and may pei'haps hibernate under certain circumstances. They form a very con-

venient means for the cultivation of Empusae in water, in which they proceed at once to

the formation of conidia or of I'esting spores. The period from first infection to the

formation of chlamydospores or hyphal bodies, prior to the commencement of the repro-

ductive growth, varies according to the host. In very minute and ephemeral insects,

such as many gnats that are commonly attacked, the period must necessarily be short,

not exceeding two or three days; but in cases where I have been enabled to observe this

period, which has been unfortunate!}' only in connection with the larger hosts, such as

flies and caterpillars, it vai'ies from six to twelve days.

Oermlnation of the li.yplial bodies and chlamyd.ospores.—Having appropriated the

whole or the greater portion of the nourishment afforded by the host, the fungus is now
ready to expend it in the second or reproductive stage of its growth. Under the influ-

ence of a moist atmosphere and a sufficiently high temperature, the hyphal bodies

"germinate" with great i-apidity. The amount of moisture needed to produce this ger-

mination is variable in difterent forms. In the common house-fly fungus {^E. muscae),

for instance, a slight change in the amount of atmospheric moisture is sufficient to pro-

duce conidial formation and discharge. This is very noticeable on the seashore, where

slight changes of the wind on or oft" the Avater produce a very rapid and noticeable ef-

fect upon flies thus ])arasitized when observed in the ordinary atmosphere of the house.

In other instances, more especially in those species which, unlike the house-fly fungus, are

characterized in their conidial reproduction by a considerable external growth of hyphae,

a much greater degree of moistui-e is a necessity. Extreme cases of this kind are found

in species such as E. coniea or E. sepulchralis which occur only in very moist situa-

tions.

In germinating, each hyphal body or chlamydosporc sends out one or more hyphae which

grow Avith great rapidity; but the manner of this germination, together with the subse-

quent develo])ment of the resulting hyjihae, varies considerably in diflx-rent species and

under different conditi<jn. In the sini[)lest case a single hypha thus ])roduced may grow
directly to the outer air and then produce a single conidium or set of conidia, according

to the type peculiar to its conidiophores. In other cases, a single primary hypha may
MEMOIRS ItOSTON SOC. NAT. MIST., VOI, IV. 21
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branch indefinitely, each iiltimate branch becoming a conidio])hore similar to those of the

more simple case just mentioned. This usually occurs where the conditions of growth

have been very favorable and may be found side by side with the more simple form.

Although the number of germinating hyphae developed from a single hyphal body is

usually small, not as a rule exceeding one or two, cei-tain instances occur in which the

number is considerable. In E. covglomerata, for example, as described by Sorokin, long

hyphal bodies are found which germinate in all dii-ections and are not unlike, in this re-

spect, the hyphal bodies previously mentioned in Conidioholus. These hyphae subse-

quently branch and anastomose, forming a coherent mass which Sorokin has termed a

stroma, and on which he has based a classification of Enipusae into "Stromaticae" and

"Astromaticae." It is probable, however, that this condition is interchangeable with the

more ordinary form, since in some specimens for instance of ^. apicalatus, I have found

well marked stromata, while in others the direct development of the conidiophores fi'om

hyphal bodies has been distinctly ti'aceable.

The most singular modification of this kind, howevei", occurs in E. apMdis and virescens

which are the only species thus far in which it lias come under my observation. Here

we have a body which appears to be of the same nature as the hyphal bodies in other

species, of regular spherical form and with a highly refractive fatty contents, from which,

soon after the death of the host, hyphae begin to germinate in all directions and in in-

credible numbers, in a fashion that reminds one of a head of AspeiriiUus (figs. 239 and

261). The hyphae thus produced then branch and divide, becoming separated into a

mass of irregular, short, contorted hyphae which fill the host and distend its body. This

breaking to pieces of hyphae produced from hyphal bodies also is found in species where

the usual type of gei-mination occurs: as in E. muscae, in which, just before the emer-

gence of the conidio[)hores, the body cavity contains a mass of irregular short hyphae

together with germinating hyphal bodies.

Formatio7i of conidiopliores.—The germination of the hyphal bodies results either in

the production of sexual or asexual resting spores (zygo- or azygospores) ; or of coni-

diophores bearing conidia. In the latter instance hyphae, arising directly or indirectly

from the hyphal bodies, grow rai)idly outwards, burst through the less resistent por-

tions of the host's integument in spongy masses, in most instances of a livid white color.

These masses sometimes vary to pale or bright green or dull olive, even in forms where

their normal color is white; and there is consideral)le variation in their general appeai*-

ance according to the species or to the conditions of their development. In some cases,

they barely project beyond the body of the host and are confined to the points of emer-

gence which are generally aftbrded by the thin intersegmental membranes through which

they project in cushion-like I'ings as in E. muscae. In other cases, the external growth

may be more extended and the masses may coalesce so as to cover the whole body with

a continuous layer of conidiophores which may form a mass several times as large as

the insect from which it springs.

In the first and more simple case, where there is little external fungus growth, the

cushion-like masses are usually formed by simple conidiophores (fig". 1) which, although

each may be derived in common with many others from the same hyphal body, are yet

ultimately simple, producing few or no branches outside the host's body and giving rise
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to a single conidium. In the second instance, where the external growth is greater, a

different type nsnally oecnrs in the conidiophores. Not only is the external branching
very considerable, bnt the ultimate divisions of each conidiophore are ari-anged in a co-

rymbose or digitate fashion, as in figs. 202 and 220. This occurrence of simjjle and
compound conidio])hores in different species has led to the generic separation of the two
groups; yet the distinction is by no means absolute, and intermediate forms occur, as in

E. cullcis, E. apiculatas and a few additional species. The converse is also true, and
simple conidiophores are very commonly found in species where the type is usually com-
pound. As has been already remarked, the gi'owth of conidiophores is very rapid under
favorable conditions; and an insect containing hyphal bodies, if placed in a damp, warm
atmosphere, may give rise to the characteristic white masses in a few hours. Soon after

the appearance of these masses the production of conidia commences, and this brings

us to the next step in the conidial development.

Formation and discharge of the conidia.—The terminal portion of the conidiophore,

whether this be simple or one of several digitations, is termed the hasidium and is usu-
ally swollen to a greater or less extent. From the apex of this basidium, which is ho-

mologous with similar structures occurring among the Mucorini, the conidium, or more
properly the mothei- cell of the conidium, is formed by budding. This bud increases

at the expense of a portion of the contents of the basidium, until it has attained very
nearly the normal shape and dimensions of the conidium; when it becomes separated

from the basidium by a cross j^artition, which forms at first a horizontnl plane of sepai-a-

tion between the two and is homologous with the columella of the Mucors. "Within the

mother cell thus formed is developed a single conidial spore, the walls of which are noi-

maily in close apposition to those of its containing cell, which must thus be considered

a sporangium reduced to its simplest terms and modified to combine economy of material

with a judicious dissemination. The resemblance to a one-spored sporangium is clearly

seen in cases where, through the al)sorption of water by osmosis, the wall of the mother
cell becomes separated from that of the conidium; a phenomenon which is very com-
monly seen after, or even before, the discharge of the conidium, and is sometimes carried

to such an extent that the conidium may be seen floating free in a large spherical

mother cell (fig. 321).

When the conidium is fully developed, and even previous to this, the contents of the

spore, as Avell as of the basidium, begin to expand through the absorption of water.

At first, as a rule, the contents of the basidium exert the greater of the two forces thus

produced; perhaps owing to the fact that a more rapid absorption of water is jJossible

through its single wall than through the double wall of the conidium. For this reason,

the columella is at first forced outAvards into the conidium towards which its convexity

is thus turned. In some instances, especially in cases where the basidia are large and
strong, this condition of things may continue until the discharge of the conidium.

Such is ajiparently the explanation of the appearance figured.by Nowakowski' which is

referred to by Eidam^ as a mechanism for discharge, very diilerent from that usually

found in Empusae. I think, howevei*, that this will prove to be only an extreme case of

the nature just described. In my own experience I have observed this appearance only

' I. c. B, PI. xr, fig. 82, etc. = I. c, p. 18G.
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infrequently in tlic species referred to, E. Grijlli, niul in allied forms (li<i;. 83). It

should be ncjted that contraction of the spore contents ii'oni any cause might also produce

the same condition. In by far the majority of cases, the contents of the conidium, be-

ing more dense than that of the basidium, finally exert a greater pressin-e and forces the

columella back into the basidium, thus reversing its former position. The sum of these

opposing forces is very considerable, and as a natural result of their action a rupture of

the wall ensues at the point where they are opposed, that is, in a circle round the base

of the mother cell. This circle of rupture is usually very evident in discharged conidia,

being indicated l)y a slightly ragged projection which forms a ring at the base of the

papilla (fig. 'S^i). As a result of this rupture, the conidium is discharged violently

into the air, often to a considerable distance. The columella commonly remains un-

broken by this discharge, although it is often greatly stretched and hangs from the ba-

sidium as a tongue-like projection. In other instances it may be accidentally broken

or this ruptui-e may be normally connected with the discharge. In the latter case, a por-

tion of the protoplasm from the basidium is discharged with the spore and serves to

fix it to any ol)ject with which it may come in contact.

The presence or absence of a columella in different species has been -made a point of

structural difference to which more weight has, I think, been given than is justified by

the facts. The assumption that a columella exists and is wholly or paitially destroyed

by the discharge of protoplasm above alluded to, in cases like E. muscae for example,

seems to me at least as warrantable as the apparently needless assumjjfion of the absence

of so characteristic a structure. Moreover, the presence of a ruptured columella is often

indicated even in E. muscae by the numerous shreds that may be seen adhei'ing to the

basidium after discharge (fig. 2).

The conidia and their germination.—The conidia in their normal condition are of vari-

ous size and form, often varying considerably in the same species. The extremes of shape

are well represented by the nearly spherical spores of E. muscae and the slender tapering

form of E. gracilis. In size they vary from about 10/^ in length to 75 1^ or over. They

are usually hyaline, rarely slightly colored, with a fine granidar contents; or, more com-

monly, contain coarsely granular protoplasm Avith large fat globules. In many instances,

these fatty bodies are so regular in size and shape that the conidia resemble asci filled with

spores; a fact which probably accounts for the statement "Flocci fertiles intus sporidiis

globosis referti" in a description of what seems undoubtedly an Empusa, by Fi-ies.^ The

common occun-ence, also, of very large sing'le oil globules seems to have caused a similar

error. The walls of the conidium are, so far as known, alwa3's smooth, without spines

or similar modifications, and possess an adhesive quality which serves to attach them

readily to any ol)ject, even when their discharge is unaccompanied by the mass of ])ro-

toplasm above desci'ibed. The basal portion of the spore is always more or less papil-

late, the papilla being in reality that portion of the sj^oi'e proper which projects fi'om

within the mother cell, from which it is distinguished by the ring of dehiscence.

The conidium when discharged, if by chance it has come in contact with a suitable

host, adheres to it, and sends out a hyj^ha of germination which enters its body as pre-

viously described. When placed in water the conidia give rise to one or more hyphae

' /. c.
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which bi-;inch and elongate, growing constantly more attenuated, their protoplasmic con-

tents becoming separated by successive cross partitions from the empty hyphae left behind

(iig. 240) . It ma}^ here be mentioned that this separation by cross partitions is common
in the general growth of the fungus. The hyphae produced thus from eonidia have the

usual characteristics: agranular protoplasmic contents Avhich often shows a very notice-

able streaming motion, and contains large oil globules and a hyaline wall. The power
of germination lasts, according to Brefeld, at most only a week, or slightly more in

E. radicans {^E. si^haerosperma) ; but in my own experience I have found the period

usually much shoi'tei- than this. The ])eriod is in all probability very variable; spores

that have been formed under unfavorable conditions being better able to withstand simi-

lar conditions: the endurance of the spores, moreover, varies with different species. As a

rule, gei-mination takes place very soon after dischai-ge, and if the conidium has neither

fallen upon a proper host nor upon a wet surface it proceeds to form

Secondary eonidia.—The secondary conidimn is a provision foi- further dissemination

in case the primary spore has fallen on a sul)stance unsuited to its proper development.

The most common method of formation consists in the production of a hypha of vari-

able length, which, growing vertically upwards, becomes swollen at its extremity into a

basidium, and produces a conidium similai- to that whence it is derived. This is dis-

chai'ged in the usual fashion, and may in tnrn ])roduce tertiar3% etc., eonidia, in a similar

way, until its vitality is exhausted or it has found a suitable lodgment. The conidio-

phore formed in this process is usually simiile, even if the ty^De from which it was de-

rived is digitate
;
yet I have seen, in a case where numerous spores had been discharged

upon Avet moss, that the h^'phae arising from them united to form a mass of conidio-

ph(jres of the digitate type peculiar to the species.

Although the form of secondary conidium just described is most commonly found,

and is apparently the normal type in all species under favorable conditions, it is subject

to several interesting vaiiations that are dependent, for the most part, upon an insufficient

supply of moisture. The first of these consists in the production of a secondary conid-

ium quite diffei-ent from the ])rimary, either by direct budding from it (fig. 9), or borne

upon a short hypha of germination (fig. 362). These eonidia are also discharged; but

are apparently better suited to resist unfavorable conditions than the ordinary ones, and
proba])ly retain their poAver of germination much longer. The most singular modifica-

tion, hoAvever, is presented by a fcAV species allied to E. sjihaerosjjerma and E. Eresenii.

In these forms and their allies, Avhen the conditions of moisture are unfavorable for the

ordinary process, a long, slender, capillary conidioi)hore is jjroduced, on the end of which
is borne a peculiar secondary conidium differing still more Avidely from the parent spore

than in the case just mentioned.

These secondary eonidia (figs. 157, 191, etc.) are, Avith one exception, nearly almond-

shaped, with noticeably thick Avails, and are not discharged. Whether they ever produce

tertiary spores similar to the primary ones, I have been unable to determine; but the for-

mation from them of tertiary eonidia similar to themselves is not uncommon. They nuiy

often be seen genniuating l)y means of an irregulai- hypha Avhieh, beginning as a drop-

like protuberance from the apex of the spore (fig. 119), may grow to a considerable

length (fig. 122). Eidam, in his paper on Basidioholus (PI. 9, fig. IG), figures a mode
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of germination in this genus of a related type; but as the author describes the swollen

extremity of the eonidiophore as a hasidium, the similarity is not so striking as a com-

parison of tliis with fig. 110, Ibr example, in the present paper, would lead one to infer.

Cystidia and rhizoids.—Before leaving the conidia and conidiojjhores, two additional

structures must be mentioned, which are of some importance morphologically. These are

the so-called cystidia, or paraphyses as they have been called; and a modification of cer-

tain hyphae, known as rliizoids, which serve to attach the host to the substratum on

which it rests. The cystidia are usually simple hyphae, exceeding the conidiophores in

size, and projecting beyond them, often to a considerable distance. In some instances

they are very large (fig. 306), and readily seen with the naked eye; while in others they

do not differ from the conidiophores. They are not, I think, homologues of jjaraphj'ses in

other fungi, and their office is unknown; unless, perha])S, they may l)e considered as rhi-

zoids which are functionless from their position ; an explanation which seems to me very

probable. A modification of the paraphyses should be mentioned which occurs in E.

echmospora, a species in which, contrary to the usual type, the zygospores are very com-

monly produced externally. In this case, when the sporophores have emei'ged from the

host, certain of their numljer may be seen projecting beyond the rest (fig. 297). AVhile

the process of spore formation is going on, these hyphae grow rapidl}^ forming ultimately

a delicate network about the mass of mature zygospores.

The hyphae of attachment, or rhizoids as they may be conveniently termed, consist of

hyphae which, growing fi'om the lower and outer portions of the fungus mass, attach

themselves to the substratum upon which the host rests and serve to hold it firmly in

position. The rhizoids may be simple or variously branched, and their termination may

be variously modified into an expanded "sucker" (fig. 249). They do not, I think, enter

into soft sxibstances, and their adhesion is ajiparcntly due to the presence of a viscous

secretion. They are produced with gi'cat rapidity, appearing even before the host is dead,

and increasing in number with the appeai-ance of the conidiophores. Rhizoids are con-

fined to certain species, and generally accompany the digitate type of conidiophores

;

their presence should not, however, in ni}^ opinion, be considered of any importance as a

generic distinction.

It is noAV necessary to return once more to the condition in which we find the host

filled with chlamydospores, or hyphal bodies, in order to examine the phenomena con-

nected with the

Formation of zygospores and. azygospores.—As has been previously remarked, the

germination of the hyphal bodies or chlamj'dospores may result in the production of

conidia above described; or may lead to the formation of spores called resting spores, of

a very different nature, and adapted to withstand successfully conditions that would prove

fatal to the conidia in a short time. The passage to this resting condition may be accom-

plished by a wholly non-sexual process, in which case the residting spore has been termed

an azyqospore, or by sexual union of a type similar to that found in the Mucoi'ini. The

spores thus formed are usually of large size, spherical with one exception; with a highly

refractive fatty contents; surrounded by triple walls, the outer thin and representing the

wall of the mother cell, the second much thicker, and the inmost usually as thick as

or thicker than the other two combined.
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The simplest process by which azygospores are formed is presented by the case in

which the contents of a hyphal body become dii'ectly converted into a resting spore,

usually contracting somewhat and suiTOunding itself with two walls, the normal third

wall being represented by that of the hj^phal body, within which the spore may be en-

tirely fi-ee, or to which it may be closely applied. A modification of this process occurs

sometimes in the case of chlaniydospores, which may be transformed directly into azyg-

osjiores by the deposition of a thii-d inner wall.

Azygospores may also be formed in a variety of ways from hyphae of germination aris-

ing from chlaniydospores or hyphal bodies, or not uncommonly by direct lateral budding
from them. In the first case the azygospore may be terminal (fig. 40), at the apex of a

hypha of greater or less length, or may bud laterally. This process, which may be read-

ily seen by cultivating chlaniydospores in water, resembles at first the analogous forma-

tion of conidia; the end of the hypha, however, does not produce a bud, but becomes
swollen into a mother cell, Avhich is not separated from the hypha by a cross partition,

and within which the double-walled spore is formed. Still another method consists in

the production of azygospores interstitiaily (fig. 81), which is common in certain species

and leads to the occurrence of spores having very irregular shapes.

These in general are the more common types of azygosporic formation, of which there

are numerous slight modifications. Where true zygospores are formed, a considerable

amount of variation is exhibited in the process as it occurs in different species ; and al-

though the sexual nature of the spore is beyond question in some instances, it is not so

well marked in others, and, may, as ISTowakowski has suggested, represent a transitional

form from the truly sexual to the wholly asexual pi-ocesses. Such instances are found
in E. sjjhaerosjjerma, a species in which, according to Brefeld, the production of resting

spores follows the septation and anastomosis of a mass of hyphae filling the host, the

spores being produced laterally from these hyphae without regard to the points of an-

astomosis. In ni}^ own experience I have observed something of this sort in the legs

of insects attacked by E. spJiaerosperma and its near ally E. occidentalis ; but in the

bodies of the hosts examined, which, it should be remarked, were of a very different na-

ture from those (Pieris larvae) studied by Brefeld, I found only short, contorted hyphae
producing spores apparently in a wholly asexual manner (fig. 217), but associated with

them, numerous instances where the l)udding spore was directly associated with a cross-

p.utition or a sliglit lip-like fold indicating the previous existence of such a partition

(figs. 214-216). "Whether sjjores thus formed should be called zygospores seems at least

doubtful, and the partitions described may indicate merely the ordinary division of the

hyphae. In a very few cases, however, I have, in these two species, seen a pi'ocess as well

marked as that represented in fig. 197, occurring in the legs of certain hosts where, as a

rule, the hyphae attain a considei-able length. This certainly looks like true conjuga-

tion, and may lead us to cases where the presence of a sexual union is hardly to be ques-

tioned. The first instance of the latter class disc^ovei-ed among the Entomophthoreae
is that described by jSTowakowski^ in his three new species, £J. conlca, E. ovispora anil

E. curvispora. In this type wc have hyphae, within or without the body of the host,

producing lateral outgrowths at opposite points of two different hyphae, Avhieh meet

'/. c, A.
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midway between the two conjugating cells in a fashion analogous to the similar process

in Spirorjyra. The intervening walls between these two gametes, or conjugating out-

growths, are then al)sorbed and a mingling of their contents ensues. A bud then aj)pears

(fig. 322) on one or both the gametes, which increases rapidly, as a rule apjjropriating

the entire contents of each conjugating cell to form the zygospore. A septation of the

hyphae above and below the point of conjugaticm is often seen, but is not invariable,

resembling in this respect the similar process in Conidioholus pre\'iously described. It

may be mentioned, in passing, that the chief distinction between the two rests on the

fact that here we have a zygospore fonned by Ijudding, while in Conidioholus the spore

is produced directly within one of the conjugating cells. In this, as in other cases, the

empty hj^phae disa]ipear rapidly after the zygospores have been formed; a circumstance

which, together with the I'apiditj^ of the process as a whole, accounts for the iiifrequency

with which conjugation in Emjnisae can be observed. In one case, however (^JS. rJiizo-

spora), the hyphae after conjugation become broAvn and horny, holding the spores firmly

in a spongy mass (fig. 371) ; but even here the process of conjugation can only be seen

during a short period, while the spore is developing, owing to the subsequent contraction

and distortion of the hyphae.

In JE. echinospora, in which the zygospores are often external, a modification of this

Spirogi/ra-\\ke process is found, which deserves to be mentioned. Here (figs. 298-302)

,

we have a conjugation taking place between two filaments in a manner similar to that

described above; but, instead of arising by budding from one of the gametes or in their

immediate vicinity, the spore commonly develops as a terminal swelling from the end of

one of the conjugating hyphae.

In addition to these types of conjugation, a singular form, not, I believe, noticed hith-

erto in Entomophthoreae, occurs in _£/. Fvesenii. It is, as far as I have observed, invari-

able in this species and is never associated, as is usually the case, Avith the production of

azygospores. The hyphal bodies, as they occur in the host just prior to the production

of conidia or zygospores, are almost perfectly spherical and very uniform ; and are de-

rived from large, shapeless bodies which have the appearance of naked protoplasm. The

spherical hj'phal bodies lying side by side within the host proceed to conjugate in a man-

ner indicated in the succession of figures 127 to 135. A sHght projection first appears

from the upper inner end of either hyphal body (fig. 128). These projections soon

meet midway between the hyphal bodies (fig. 129), after which a bud begins to rise di-

rectly above their point of union (fig. 130). The contents of both bodies pass into this

bud, forming the mother cell of an elliptical z^^gospore which, I believe, aflbrds the only

known exception to the usual spherical shape. After the spore is mature, the two hyphal

bodies usually persist for some time as bladder-like appendages (figs. 135-136), which

sloAvly disappear (figs. 137-140).

This is certainly a very simple process, yet it demonstrates I think, more clearl}' than

has yet been possible among Entomophthoreae the existence of an undoubtedly sexual

process of a distinctly zygosporic type. In Conidioholus, Basidioholus, and evi'U in the

examples from Emjmsa pi-eviously given, there is usually a more or less marked difler-

ence in the size of the gametes, which, in the first-named genus, led Brefeld to consider

the family as belonging to the Oosporeae; but, in the present instance, we have the ga-
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metes exactly alike, and in addition to this a process of development in the zygospore

similar to that occurring among the Mucorini in Plptocephalis. The regularity of this

process, and of the resulting zygospores, is worthy of mention ; and although the hyphal

bodies are collected in an indiscriminate mass, the details of the process never show the

slightest variation from that described above.

Before leaving the subject of conjugation in Empusae, a singular method, by which

the resting spores of ^. GrylU are often formed, must be described. This species is re-

markable for the great variety it exhibits in the details of the formation of its azygo-

spores; but in certain cases it seems not impossible that even in this species we may have

true conjugation of a type quite different from those previously described. The suc-

cessive figures, 31 to 35, indicate the nature of this process. In the first place we have,

before reproduction of either type, a condition characterized by the pi'csence of irregu-

lar, rounded hyphal bodies of various size and shape (fig. 31). Instead of producing an

azygospoi'e by any of the methods above described, one of these bodies may become

septate by the formation of a median ci'oss partition (fig. 32). An elevation of the cell

wall presently appears aroi;nd the hyplial body, between the cells thus formed, which

develops into a two-lipped fold (figs. 33 and 34). The partition between these two cells

is then apparently absorbed, for the contents of one gradually pass into the other to form

a "zygospore" (fig. 35). A variation of this process is found in the similar division of

the swollen extremity of a hypha (figs. 38-39) the lip-like folds in each being quite

peculiar. In many cases the formation of a resting spore is not accomplished by a sin-

gle division and subsequent union; but only results after a succession of oblique divis-

ions always accompanied by the lip-like folds, as in figs. 36 and 37. Spores of this kind

are usually characterized by their flattened bases, and in some instances two such spores

may be formed, one in either cell of the divided hyphal body, as often occurs in other

conjugating cells. Whether this is in reality a form of conjugation, I do not feel pre-

]iared to say; and careful observations, by means of cultivations of the hyphal bodies,

are much to be desired. This process may in a measure explain the appeai'ance previ-

ously alluded to (p. 117) and represented in figs. 214-21G. Here there is no production

of a lip-like fold, yet it seems not impossible that in such cases a short hypha may have

divided and conjugated with itself, so to speak; the zygospore arising as a lateral bud

instead of developing directly within one of the divisions. Such an explanation may
seem somewhat far-fetched, yet the division of a hypha and subsequent conjugation with

itself are practically what occurs even in Basidioholus.

The mature azygospores as well as the zygospores in all known species are, with the

exception of E. Fresenii, spherical in shape; and in the majority of cases are indistin-

guishable in the difli'erent species, except by slight variations of size. There are, how-

ever, three notable exceptions to this rule. The spores of Taricldum meyasioermum

Cohn^ are characterized by a deep brown outer wall, or epispore, which is marked by

sinuous reticulations. In IS. ecliinospora (figs. 303-305), the epispore develops numerous

shai-p spines which separate it from all olher known species; while in E. rliizospora the

brownish spore is held by numerous rhizoid-like outgi-owths from its base (figs. 374-

375). A dark brown epispoi-e seems also characteristic of E. callipliorae Giard {E.

muscivora Schroeter)

.

' /. c. B.
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In my own experience,! have never observed the gernihiation of resting spores in any

instance, although I have continued cultivations of them in water for upwards of three

months. I have not, however, had an opportunity of adopting the plan suggested by

Eidam of cultivating them in nutritive solutions, and a trial of this method might lead

to more satisfactory results. A germination of the resting spores of certain species is

reported by Nowakowski, Sorokin and Ivrasilstchik; and the first-named author states

that such spores placed in water in the autumn gei-minate during the following spring.

I have, howevei", seen no account of successful ciiltures of this nature unless it exists

in the text of Nowakowski. The descrij)tion given bj' Ki-asilstchik of a species {E.

uvella), in which he obtained a germination m four days, seems hardly reconcilable Avith

the facts as known in other genera. From analogy with Basidiobolus and Conidiobolus,

it is not to be questioned that the resting spores germinate, as in these cases, producing

the usual conidia; but whether this has been determined by actual experiment, I am un-

able to say. The period of rest before gei-miiiation is probably very variable, and its

primary object is, of course, to afford a means of hibernation, or of withstanding simi-

lar protracted conditions unfavorable to develoiiment, and of long duration. Although

a single season is pi'obal>ly the normal period of this resting state, it has been suggested

by Brefeld that it may be extended over more than one season, thus allowing the insect

host to i-ecover from the effects of Emjnisa epidemics.

The causes which induce the formation of ix'sting spores can be explained with as

little satisfaction among Empusae as in other similar cases. The observations of Brefeld

in his experiments with E. spliaerosjierma Fres. {JE. radicans Bref.), which indicated

that their production takes place towards the end of the season, gradually su[)planting

the conidial form, are not corroborated by my own experience. This, at least, does not

seem to be the course followed in the natural development of the fungus out-of-doors;

since the examination of some thousand or more of specimens shows that as a rule the

lelative number of individuals of a given species, which contain resting spores, remains

about the same from the middle of June to the middle of October. Whether the pro-

duction of resting spores bears any relation to the number of ])revious generations of

conidia is a matter to be determined only by careful and repeated cultures in different

cases. None of the remaining causes usually assigned as inducing zygos])oric forma-

tion have any appai-ent iniluence in the present instance. But here also repeated experi-

ments in different cases, under known and variable conditions of moisture, temperature

and nutrition, are necessary to determine whether variation in these respects seems to

have any definite connection with the kind of spores produced.

The hosts of Empusae include representatives from all the hexapod orders; but among

them the Diptera are the greatest sufferers, at least in so far as the numbei- of Eni^JU-

sae which prey ujion them is concerned. The Hemiptera come next, followed by the

Lepidoptera and Coleoptei-a ; while the Neui-optera, llymenoptera and Oi'thoptera are

about equally affected, and are attacked by two or three species, only, in each instance.

The liability to infection is shared by both larvae and pupae as well as by imagines,

although the latter are most commonly affected. In insects where the larvae and pupae

differ but slightly from the imago, both these stages are equally susceptible to the dis-

ease. Mr. L. O. IIoAvard has also shown me specimens of E. Grylli that had devel-
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oped upon the common web worm {^Ilnpliantria textor) after pupation; but this occur-

rence is certainly luiusual. Among Lepido])tera, I have been surprised to find the

imagines attacked in numerous instances, a fact, I believe, not hitherto observed; and

one species (E. geometralis) seems peculiar to them. Geometridae, Noctuidae and Ti-

neidae may be affected, and I have even found the common sulphur butterfly {^Colias

jyhilodice) thus attacked. The species or family of the host has hitherto been generally

considered a means of determining the species of Einpusa, in most cases, with some

accuracy; yet my observations have shown that this is by no means the case and that

specific distinctions, based largely upon the character of the host, are of little value.

The variety of hosts attacked by a single species is sometimes very great, perhaps in no

instance more so than in E. sphaerosperina. I have specimens of this foi-m upon the larva

of Pieris, on the imago of Gollas j^^Modice, Diptera of several families and genera,

Phytoiiomtis larvae (Coleoptera) , the common rose-leaf hopper ( Typldocyh(i) and Aphis

(Hemiptera), on ichneumons of several genera and a small bee (Ilymenoptera), and on

a species of Thrlps (Thripidae), while in Europe it is also recorded on LimnopMlus
(jS^europtera) . "With such a diversity possible in the hosts, it is obviously unsafe to de-

scribe, as new species, forms without peculiar characters of their own, merely because

they occur in a new host, or to give any considerable specific weight to the character of

the host in support of slight variations in the shape of the conidia or the size of the

resting spores.

In cei'tain instances, where several Empusae were found together, I have noticed two

species developed iipon a single host; for example, E. Aplndis and E. Fresenii, as well

as E. conica and E. papillata; E. gracilis and E. variahilis; E. lageniformis and E.

occideidalis. It is, therefore, not always safe, where such proximity exists, to refer the

resting spores that may occur in connection with conidia to the same species of Em-
pusa.

The hahitat of Emjrusae is various, one of the most productive localities being the

margins of brooks in shady woods. Certain species are found only in such situations, ad-

hering to wet substances, such as moss, logs, stones, etc., in the water or along its mar-

gin; a constant supply of moisture being apparently necessary for their development.

In other cases dryer situations are preferred, and the fungus readily withstands the al-

ternate dryness and moistiire consequent upon the variations of weather, producing its

conidia repeatedly, whenever the atmosphere is sufficiently moist, imtil the conidiophores

are exhausted. Many hosts, before death, seek conspicuous positions by crawling up-

wards on grass, or other substances, whence the conidia are discharged over a consider-

able area. Perhaps the favorite position assumed by hosts before death is upon the

under side of leaves in shady situations in woods or about houses, Avhere a careful search

during wet weather seldom fails to disclose numerous specimens. I have noticed only

one species which occurs on flowers attractive to insects, namely E. Muscae; which, al-

though common in all parts of houses, I have only seen in nature on the flowers of 8ol-

idago and contain certain Umbelliferae.

Miscdlaneoiis notes.—In collecting Empusae I have found that, as a i-ule, foggy

weather is the most favorable for the purpose, since they are more conspicuous when
distended by moisture. A shallow tin box, partly filled with moist Sphagmim, is a con-



152 ROLAND THAXTER ON THE

veiiieiit receptacle for specimens; and the latter should be kept separate. In the labora-

tory each specimen should be inverted over a slide or cover in a moist chanil)er, until a

sufficient number of conidia have been discharged, when it may be dried for the herba-

rium. Conidia, obtained in this way, may usually be kept for reference for an indefinite

period; and, since they allow the comparison of very large numbers of spores side by

side, are most convenient for study.

The artificial propagation of Empusae, by the infection of fresh hosts, I have found a

much more difficult matter than one would suppose, even when the host infected was of

the same species as that from which the spores were obtained for this purpose. Infec-

tion between dissimilar hosts I have found still more difficult; although, in two instances,

I have been successful in infecting caterpillars with E. Gri/Ui developed on grass-

hoppers, as well as in transferring E. sphaerosperma from leaf hojipei's
(
Tyjjhlocyhct)

to a Pieris larva. The method which I have adopted for infection consists in the use of

a tightly-covered jelly tumbler in which the upper portion is separated from the lower by

a round piece of wire netting. By placing the hosts to be infected in the loAver of the

two chamljers thus formed and fastening a specimen of JEinpusa m the upper one, the

living hosts below can hardly escape the spores discharged through the netting.

The period which ensues after the infection of a host until its death varies to some ex-

tent. In the larger hosts, such as Hies or catei-pillars, death may not take i)lace for twelve

days; although the usual period is from five to eight days. In minute hosts this period

must be considerably shortened, owing to the ephemeral character of many forms known
to be subject to the attack of Empusae. The first visible symptom of the disease is a

general restlessness of the host. In caterpillars, for instance, the insect leaves its food

plant and wanders restlessly about; usually endeavoring to climb upwards before death,

which is apparently quite sudden and iniaccompanied by contortions of the body. The

host insect thus remains clinging to the object on which it rests or is fastened to it by

rhizoids. Certain insects are fixed by the insertion of their probosces into the substratum

on which they rest, as is the case with aphides. The house-fiy is, I believe, always fas-

tened by its proboscis which adheres firmly to the substratum. "Where rhizoids ai-e de-

veloped, they often appear before the death of the host, and I have seen a geometrid

moth, which was thus firmly attached to a pine needle, fluttering violently in its at-

tempts to escape.

In the account of the separate species of Empusae which follows I have used this

generic name for all the forms, employing the names EntomojMhova and Trijdosporium

in brackets as groups of subgeneric value. In Empusa p)roper I have inchuled forms

in which the branching of the conidiophores is of the simple type, and the formation of

resting spores presumably asexual, taking E. Muscae as the type. Under Triplosporium,

I have included the two forms E. Fresenii and E. lageniformis, the jjositiou of which in

Empusa is only provisional. The group is characterized I)_y the production of conidia

having a smoky tint, thick-walled, with evenly granular contents and producing peculiar

almond-shaped secondary conidia on capillai-y conidiophores; while its zygospores are

elliptical, each originating as a bud which rises upward from the point of conjugation

of gametes arising from two hyphal bodies. Further study of E. lagenifor^nis may
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show that these characters, as regards the formation of resting spores, are not snfR-

ciently distinctive. Yet I doubt if this proves to be the case; and, slionld it prove

otherwise, I believe that the subgenus should be separated as a genus from other Em-
pusae.

Under EntomopWiora, which I have used in brackets as a subgenus, I have included

all forms characterized Ijy the production of typically digitate conidiophores; differing

from recent German writers in not considering this character of generic value, as well

as in omitting even as a subgenus the name Lamia given by Nowakowski to a single

form (^E. Oulicis).

In his extended paper on Entomophthoreae,' Xowakowski summarizes the generic

distinctions of EinjJusa, Entomoplilliora and of his genus Lamia, as follows:

1. E>jTOMOPHrtiORA. including ouispora, curvispora, conlca, and AphicUs.

Ftivgiis groivth, one-celled or with lilaraentous branches.

Paraphyses, rhizoids and columella, present.

Conidiophores, branched.

Resting spores, zygospores (three species), azygospores (two species).

2. Lamia including the single form Culicis.

Fuiigxis groivth, tilanientous.

Puraphyses, present.

Jihixoids m\d columella, absent (nie ma).

Conidiophores, unbranched.

Besting spores, azygospores (borne terminally).

3. Empusa including Grylli, Freseiiii and Mitscue.

Fungus groiuth, tilanientous.

Paraphyses and rhizoids, absent.

Columella, present or absent.

Conidiophores, simple.

Resting spores, azygospores.

"Whether Nowakowski in his text gives more satisfactoiy characters for the genus

Lamia than are shown in the above table I am unable to say; but, from the data here

given, the presence of paraphyses (which I have appai-ently overlooked in examining the

species) is the single point which separates it from Empiisa as defined below it. The
opinion of Brefeld that the form should be separated as a connecting link between Em-
Tiusa and Entomo2)7itJt07-a,hased upon a tendency to a digitate type observable in the co-

nidiophores and upon the presence of rhizoids is more readily understood, yet singularly

enough, and erroneously I think, Kowakowski afiii-ms the absence of both these points

of sti-ucture. In my own opinion, E. Culicis cannot be separated from E. Muscae by other

than specific distinctions; the points of similarity of the two being decidedly gi'eater

than their points of difference. The same may be said of the two species subsequently

described as E. papillata and E. apicalata which bear somewhat the same relation to

E. Gri/lli that E. Ctdlcis does to E. Muscae; each having rhizoids and showing a slight

tendency, in the case of E. apimilata at least, to a digitate type of conidiophores.

Taking the genus Entomopyhtliora, as defined by IS^owakowski in the same table, the

digitation of the conidiophores is apparently the only exclusive difference of importance

which separates it from Empusa. Even here E. Culicis and E. apiculala tend to break

' I. c. B, p. 17G.
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down the distinction, as already mentioned. Xo definite line can be drawn, also, as con-

cerns the production of resting spores; since in species of the sphaerospenna iy [to, which

must be placed in Entomopldhora, we have exactly the same type of formation with that

occurring in E. apiculata, which it is equally necessary to place in Empusa. It is true

that conjugation is not known in Einpusa unless it is represented in the veiy question-

able type described under E. Grijlli; yet it is unsafe to assume that it does not exist, or

that its absence is of generic value. The only consistent way out of the dilemma con-

sists either in considering all the forms under the tolerably coherent genus Emjyusa, or

in resoi'ting to further splitting to express transitional forms. The spliaerosperma section

of Entomopltthora, for example, shows decided differences from the rest of the group

in the character of its branching, in its conidia and secondary conidia as well as in its

formation of resting spores, and may, perhaps, with fuller knowledge of the s})ecies already

known or subsequently to be discovered, prove sepai'able from the remaining forms.

Our knowledge of Empusae is at present in its infancy, and conclusions ii> I'cspect to

subdivisions must be largely based on douI)ts; a foundation much more likely to pro-

duce confusion than a clear understanding of the group.

The use of the name Empusa in preference to Entomophtliora needs a Avoi'd of expla-

nation, since the two have, until comparatively recent years, been used in the same sense

to designate entomogenous Entomophthoreae generally. Although an Empusa had been

previously described by Fi'ies under an erroneous generic name (Sj)orendonem(() , the

paper of Cohn^ upon the "house-fly fungus" is the first in which the group was recog-

nized by a generic title, Empusa. This publication appeared in 1855, and in the follow-

ing year Fresenius, in an article^ preliminary to his more extended paper on the subject,^

pointed out that Emjmsa, having been preoccupied for a genus of orchids, should be

dropped, proposing Entomophtliora in its place. A few months later Lebert,^ taking the

same ground, proposed the name Myiopliyton, over which the name of Fresenius of

course has priority. The two names have subsequently been used indiscriminately until

separated as two distinct genera by Brefeld and Nowakowski, who thus tacitly recog-

nized the validity o? Empusa as a name; a. validity also admitted by Colin, Eidam,

Schroeter and DeBar}^ who employ it without question. If therefore a single name is

to be used, Empusa certainly has priority and sufficient weight of authority to make its

use good. As a matter of fact the orchidaceous genus Empusa is placed as a synonym

in Bentham and Hooker's Genera Plantarum, and seems unlikely to produce confusion

in any case.

The position of the Entomophthoreae among the Zygomycetes is placed beyond a

doubt by the formation of the resting spores above described, yet it is interesting to note

that, until the publications of Nowakowski, and even subsequently, there has been much

difference of opinion concerning their true position ; the weight of opinion assigning them

a place among the Oosporeae. The theory that the members of the group were merely

stages in the life-history of Saprolegniae, which has been maintained on a basis of actual

experiments as well as their supposed connection with the yeasts (^Saccharomyces) , is

manifestly incorrect and a matter of historical interest only. In the latter case it is of

interest to note that species of Saccharomyces very frequently occur in connection with

H.c.X. «2. c. B. H.c.
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Empiisao in aphides and flies, the one class of hosts usually having a sweet secretion

and the other pi-eferi-ing sweet substances as food, thus supplying a nutritive medium
for the growth of yeasts in connection with the Emjyusa. It has occurred to me that the
frequent presence of yeasts in this connection might indicate a sweetish secretion from
the Em'imsa itself in order to attract hosts for infection; but I have seen no indications

that this is the fact.

A natural arrangement of the species of Empusa is a matter of great difficulty,

since their characters do not, I think, indicate a single line of development. In the suc-
ceeding enumci-ation, for example, the two forms included under Trvplosporium can
hai-dly be pi'operly placed either at the beginning or at the end of the remaining series,

and their position between Empusa proper and Entomophthora is equally unsatisfactory.

The near relations of the forms described as E. CaroUniana and E. Lampyridarum is

also a matter of doubt Avhich may perhaps be removed by further study. A list of the

remaining species found in Europe and not yet distinguished in this country, with l)rief

characters and references, is appended foi-the convenience of students and includes, I be-

lieve, all published names not previously referred to. References given as I. c, I. c. A
etc., refei-, as in the previous pages, to the appended list of papers consulted where full

titles and refei-ences are o'iven.O'

Empusa Coim, i855.

Empusa Muscae Colin.

PI. 14, figs. 1-9.

Empusa Muscae, Colin I. c. A. Bi-efeld Z. c. A; I. c. B, p. 28; I. c. C. Schroeter I. c,

p. 221. Nowakowski I. c. B, p. 176.

Entomophthora Muscae, Fresenius I. c. A, p. 883 ; I. c. B, p. 202, figs. 1-2.3. Giard I. c.

p. 358. Sorokin I. c. C, p. 195, figs. 377, 582-585." AVinter I. c.

3Ti/iophi/to7i Cohnii, Lebert l. c.

?Spore)Hlonem.a 3Itiscae, Fi'ies I. c.

Gonidia bell-shaped or nearly s[)herieal, with a broad subtruncate base and sharply

pointed apex; 18 X 20//-25 X 30,/; containing usually a single large oil globule, and
surrounded after discharge by a mass of protoplasm. Conidiophores simple, broad

and stout, tapering gradually to a narrow base; emerging in white rings between the

segments of the host, without coalescing over its body. Secondary conidia like the

primary, or more commonly subovoid, small, rounded at the apex and formed by direct

budding from the primary form. Besting spores, azygospores, produced laterally oi- ter-

minally from hyphae within the host; spherical, colorless, 30-50;.. in diameter (Winter).

Host attached to substratum by proboscis.

Hosts. Diptera: Masca domestica, Lucilia Caesar, Ccdliphora vomitoria and other

large flies; also Syrphidae of several genera.

Habitat. United States, Europe, South America.

Tills familiar Empusa is as common as it is widely distributed, and is at jiresent the

only species known south of the equator. It is probable that it is as universal as its more
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usual host (^Musca domostica) ; siuce, if not indigenous in remote localities, its transpor-

tation by sea would be ahnost inevitable. As a rule, the species is found about houses,

usually within them, occuri-ing in great abundance from the latter part of June until late

in the autumn; yet its occurrence out-of-doors is an exceptional phenomenon and has

been noticed in only a few cases. This is the more singular, since hosts that are liable

to infection are very common in the open air, and a transmission to them of the dis-

ease from the house-fly would seem a very easy matter. Isolated examples of E. Muscae

are, however, almost never found in situations frequented, for instance, by Syrj^hus flies,

although Gornu^ records an extensive epidemic in which the hosts attacked belonged

to this genus. In my own experience I know of only two instances of the isolated oc-

currence of this species out-of-doors. The first was observed early in July on Mt.

Washington where two small specimens of Syrplias were found on bushes in the alpine

region, both of which were infested by JS. Muscae; and in the second instance a speci-

men of a small, yellow-bodied Syrphus was found at Albany in August on the flowers

of SoUdago by Mr. A. F. Chatfield, and forwarded to me, the host in this case being at-

tacked by the same Empusa. Mr. Chatfield infonns me that it was the only specimen

observed, and although I have searched with great care for similar sj^ecimens, I have

never seen a second instance of the kind. An epidemic in the open aii-, caused by E.

Muscae, I have, however, observed in one locality where a hairy black fly {AidJiomyia sj).)

about as large as M. domestica, was found killed by this fungus. This locality was the

region in the immediate vicinity of the snow arch at the head of Tuckerman's ravine,

on Mt. Washington, where the affected flies occurred sticking in large numbers to the

flowers of SoUdago and Ileracleum. These flowers were also visited by an abundance

of other flies, among them many examples of the same species of Syrphus previously

mentioned from Mt. Washington and Alban}^; but in no instance did I find one of these

or of the numerous other Syrphidae and Muscidae visiting the flowers, that showed

any signs of infection from the black flies with which they could hardly have failed to

come in contact. This faiUxre of certain species to contract the disease, although known

to be subject to it, is interesting as indicating that even a slight change of hosts among

Empusae is often difficult, until the fungus has become established to some extent in its

new conditions, and may go far to explain the difficulty expei-ienced in cross infection

subsequently mentioned under E. Grylli and E. sjihaerosperma.

The species is readily distinguished by its pointed, bell-shaped, spores which, although

entirely simihir to those of E. Cidicis, are much larger. The probable rupture of the col-

umella has been previously alluded to (p. 141) and the surrounding pellicle of proto-

plasm gives a characteristic appearance to spores which, for example, have been discharged

upon a glass slide (figs. 5-6). One of the chief points of interest about the species is

the uncertainty that exists concerning its resting spores, which, although the form is so

universal have as yet been observed in only one instance. Winter''^ states that he discov-

ered specimens of 3f. domestica in-doors which contained resting spores, and also pro-

duced conidia which he identified as belonging to E. Muscae. It seems quite impossible

that Winter should have mistaken the conidia of any other species for those of ^. Mus-

caeJ jQt this observation, although referred to, is not credited by Brefeld, who concludes

' I. c. B. = I. c.
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that the species never produces resthig spores and is continued over winter in warmer
regions, whence it migrates northward witli the flies on the return of summer. This

theory, however, does not coincide witli my own experience of E. Mascne in this coun-
try; since the first specimen which I observed at Cnllowhee, where M. domestica liter-

ally swarmed, was observed at about the same date at which it usually appeal's in the

noith, namely Jnly first. For three weeks previous to this date I saw no specimens at

Cnllowhee; and although I have found not the smallest trace of resting spores in a sin-

gle instance, it seems improbable that the migration theory can apply to this country at

least.

Giard^ also states that he found resting spores, which were produced externally, oc-

curring on specimens found in cool situations; but it is difficult to determine from his

description whether the bodies described are true resting spores, and the observation

needs confirmation. On plate i, fig. 7 and plate ii, fig. 12, of Lebert's paper,' this author

has also figured I)odies that seem to be resting spores at an early stage of their formation.

The literature concerning £J. Mascae is very voluminous; the first description of the

form having been given by DeGeer in 1782, according to Brefeld; and for fnrther ref-

erences to this literature the elaborate papers of Cohn, Lebert and Brefeld above cited

shonld be consulted. "Whether the first snpposed description accompanied by a dis-

tinctive name, that of Fries,' really applies to the present species is, I think, extremely

doubtful; for the oil globules in E. Mascae could hardly have given lise to the expres-

sion "flocci fertiles erecti, .... intus sporidiis globosis referti," whereas in species of the

ovispora type, this error of observation might readily have occitri'ed.

Empusa Culicis A. Biann.

ri. 14, ligs. 10-16.

Empusa Culicis, A. Braun I. c, p. 105.

EntomojMhor-a Culicis, Fresenius I. c. B, figs. 44-45.

Lamia Culicis, Nowakowski I. c. B, p. 173, figs. 99-114.

Entomoplithora rimosa, Sorokin I. c. A, y>- 14G; I- c. B, p. 393, Taf xiir, figs. 12-19

(with cut) ; I. c. C, p. 231, figs. 595-596, 575, 576, 603; I. c. D, p. 58, plate i, figs.

1-13. ]^ec E. rimosa, Schroeter I. c, p. 222.

? SajJi'olegina minji; Kiitzing I. c, p. 157.

Conidia bell-shaped or nearly spherical with a broad subtruncate base and sharply

pointed apex; 8 X 10/y. -15 X 16,.t, average 11.5 X 12,7.; usually containing a single large

oil globule, and surrounded after discharge by a mass of protoplasm. Conidiophores

simple or with a tendency to become compound; broad at the apex and gradually taper-

ing to a narrow base; producing white or greenish masses which may or may not coa-

lesce over the body of the host. Cystidia present (Nowakowski) . Secondary conidia

like the primary, or ovoid with rounded apex and formed by direct budding from the

primary spore. Restiny spores, azygosporcs, produced laterally or terminally from hy-

phae, spherical, colorless, 25,a (? in diameter). Host attached by rhizoids.

H.c.

MKMOIUS UOSTON SOC. NAT. HIST., VOI, IV. 23
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Hosts. Diptera: imagines of Culex and numerous genei-a of minute flies or gnats.

Habitat. Maine, New Hampshire, Massachusetts, Europe.

This is apparently the smallest of all the Empusae and is reported to be common in

various parts of Europe. Although not previously accredited to this country, I have

found it repeatedly in the localities above mentioned. At Kittery, Maine, it occurred

early in July on very minute Diptera, adhering to the under side of the leaves of hop,

hollyhock and other plants growing about houses; and isolated specimens were found

in similar positions in the neighboring woods, or marshy places. Although mosquitoes

(^Culex) abounded in these localities, the only specimen of this insect that I have seen

infested with SJ. Culicis was found on the edge of a small bi'ook in the alpine region of

Mt. Washington. In this same locality, at the head of Tuckeiman's ravine, I have

found an insect also attacked by JS. Culicis, whose reputation is perhaps worse even than

that of the mosquito, namely the "black fly" (^Simulium molestum). These specimens

were also found upon the luider side of leaves, as in the case of the examples from Kit-

tery; although in Europe the more usual habitat seems to be such moist situations as are

afforded by the margins of brooks or the borders of tanks, in which, also, infected spec-

imens may often be found floating.

The form described by Sorokin as -E'. rimosa seems certainly to belong to this species^

as has been pointed out by Nowakowski, although Sorokin, in his later pul^lications, still

adheres to the opinion that his species is distinct. In describing JiJ. rimosa,^ Sorokin

states that the host is attached by rhizoids, and that the conidiophores appear on the

thorax, seldom on the abdomen of the hosts, producing bell-shaped conidia of which, so

far as I have seen, he gives no measurements in any of his publications. The i-esting

spores he describes as of irregular outline, produced latei-ally on internal hyphae, which

subsequently thicken, contract and, bursting the body of the insect, assume a vertical

position on the outside. He also remarks that, from the brief description of A. Braun,

it is difficult to say how far the two species (H. rimosa and JE. Culicis) are distinguished.

The figures of Fresenius from material received from Braun are, however, good, and

correspond to those of Sorokin in Cohn's Beitrage.*

As regards the " stroma," which Sorokin describes in this species, I have been unable

to satisfy myself; but Avhere the fungus has developed with tolerable luxuriance I have

found a condition very like that which he describes; namely, amass of septate, anas-

tomosing, empty hyphae filling the body of the insect. In other cases, however, I have

observed the presence ofspherical hyphal bodies or of chlamydospores (fig. 15), which ger-

minated and, after more or less branching, produced conidiophores in the usual way. The

resting spores are unknown to me, although I have frequently found small flies contain-

ing resting spores in company with the conidial form. In these cases the constant as-

sociation with specimens of J^. spliaerospcrma on similar hosts has made it impossible

to determine to which species the resting form belonged. According to the desci'iption of

Sorokin above quoted the resting spores would seem to be quite peculiar; yet Kowakow-
ski figures spores of the usual type borne terminally on long hyphae.

' ;. c. C, p. 231. =Z. c. B, Taf. xiir, flys. lG-18.
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Empusa Grylli (Fresenius).

PI. 14, figs. 17-48.

Entomophthora Orylll, Fresenius Z. c. A; I. c. B, p. 20.3, figs. 24—43. Sorokin I. c. C, p.

211, fig. 653. Fallow, Ellis Exsiccati X. A. Fungi, No. UOl.
JSmpusa Grijlli, Xowakowski I. c. B, p. 108, figs. 72-98. Schi-oeter I. c, p. 222'.

JEidomophthora auUcae, Eeichhardt in lit. (see Bail I. c). Cohn I. c. B, p. 77. Sorokin

I.e. C, p. 212. Sc-hroeter I. c, p. 221.

Entomopldhora Calopteni, Bessey I. c. ; Ellis Exsiccati, No. 1801.

Conidia ovoid to pear-shaped, with a broad papillate base and evenly rounded apex;

30-40,a X 25-36//; hyaline and containing one or more large fat globules. Conidiophores

simple, coalescing externally when growing luxuriantly, and arising directly from round-

ed irregular hyphal bodies, Avith or without subsequent l)i'anching. Cystidia wanting.

Secondary cotddla of one kind, like the primary. Resting sjiores spherical, colorless;

30-45// ill diameter; pi-oduced terminally or laterally from hypliae, directly within or by
budding from hyphal bodies; or by a pseudo-conjugation between two divisions of a

single hyphal body. Host attached to substratum by the contraction of its legs.

Hosts. Lepidoptera: larvae of inany genera of Arctians and of Oryyia nova. Orthop-

tera: larvae, pupae and imagines of many genera of Aci'idians. Imago of CeutJiophilas.

? Diptera: larvae and imagos of Tipulidae, etc. (see E. congloinerata)

.

Habitat. Maine, New Hampshire, Massachusetts, New York, Washington, D. C,
North Carolina, Ohio, Iowa, Newfoundland, Europe.

As will be observed, by the synonymy given above, I have included under this species

the two forms described as H. anlicae and E. Calopteni. The description of the first-

mentioned species by Cohn^ is, I believe, the first mention of this name that is ac-

companied by any note which would render a determination jjossible. There can be no

doubt, I tliink, that the form common in this country on hairy caterpillars is the same
species described from Europe on similar hosts, since the American form agrees with the

European in all respects as far as can be ascertained from published data. Assuming
this identity, a compai'ison of the form on caterpillars and the still more common form

on grasshoppers, can hardly fail to aii\jrd convincing proof that the two represent a sin-

gle species, their general structure, development and appearance being the same, or

varying within similar limits.

I have observed numerous epidemics of the grasshopper form at Kittery in INFaine,

near Boston and in North Carolina ; and the cateri)illar form seems also veiy common,
assuming, Mr. Howard informs me, an epidemic character among the Hypliantria larvae

which have recently done considerable damage to the shade trees in Washington.

In the summer of 1886, I found an epidemic early in September among grasshoppei's

that were destroying the second crop in a field at Kitter}^, and also noticed a number of

Arctian larvae similarly atlected in an adjacent garden. Being struck with the similar-

ity between the two, I endeavored to transfer the disease from the grasshoppers to cat-

erpillars, and for this purpose placed a larva of Spilosoma virginica and several of

I. c, p. 78.
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Hyphantrla iextor in a jelly tiiinl)lor, and fastened above them a grasshopper from which

the spores were being ra^jidly dischai'ged. These larvae were then fed for eight days in

a closed jelly tnmbler, at the end of which time the Spilosoma had died, and, soon after

being placed in a moist chamber, prodnced a Inxuriant growth of conidiophores. In the

meantime all of the Ihjpliantria larvae had died from insect pai-usites, with the excep-

tion of two which s]inn cocoons after a few days. I was entirely nnable to transfer the

disease from caterpillars to grassho])pers; but I was quite as unsuccessful in infecting

grasshoppers from gi-asshoppers. The reinfection of caterpillars I found more easy,

although about two-thirds of the caterpillars used for this purpose showed no signs of

the disease and pupated as usual. I was unable to repeat the experiment of cross infec-

tion with any satisfactory result, owing to the fact that it Avas impossil)le to obtain cat-

erpillars in any number, or good material of JiJ. Grylli with which to infect them: I was

obliged therefore, in a second experiment, to use larvae of Pi/rrharctia Isabella which

were in the hibernating condition. Of tive larvae used, one died in eight daj's and con-

tained resting spores; while the rest were not affected after several weeks. I do not

consider these experiments as in the smallest degree conclusive in themselves; but a

comparison of other species shows that the hosts of Empusae may be widely different

in the same species, and therefore a specific distinction, which, as in the present instance,

would rest entirely on the chai-acter of the host, should not be considered of any value,

even if my experiments did not show that the hosts may be, to a certain extent, inter-

changeable.

I have been much surprised at the difficulty encountered in communicating the disease

among similar hosts, although in the case of grasshoppers this may be perhaps accounted

for from the fact that I used only imagines, which may afford a less ready entrance to

the germinating spores than yomiger stages of these insects. In the case of the hairy

caterinllars, however, I see no reason why infection should not have been successful in

every case. A specimen of Ceuthophihis, found at Kittery, which was discharging spores

in great quantities, was also used in an attempt to infect three individuals of the same spe-

cies which wei'e confined with it in a small tin box. The living crickets were jHit into

the box late in the afternoon when the spore discharge was at its height, so that several

hundred spores at least must have come in contact with each specimen. On the follow-

ing morning the living crickets were not only well powdered with spores, but had eaten

about half of the infected specimen. ^Nevertheless, after having been kept for more

than two weeks, they showed no signs of the disease. In view of these facts, it is not

surprising that m}^ success in ci'oss infection should have been so incomplete, and it may
reasonably be assumed that so radical a change of hosts is probably a somewhat gradual

process even in nature, the fungus, as has been already noted, requiring one or more

generations to become firmly established under its new conditions of nutrition.

Since the species is so widely distributed and generally abundant, there seems to me
no good reason for believing that the resting spores described as E. Calopteni and

found in Caloptenus at Ames, Iowa, belong to a different species; and I have therefore

placed this as a synonym. Through the kindness of Professor Fallow, I have been ena-

bled to examine authentic specimens of E. Calopterd collected by Pj'ofessor Bessey which

differ in no respect from the usual ix'sting spores of E. Grylli. Professor Farlow has also
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allowed me to examine material of E. Qrylli received from Professor DeBary, and there

can be no question concerning- the identity of the American and European forms. The
occurrence of the species in Newfoundland, where I found it on the larva of Orgyia nova
on the Salmonier rivei-, should also be noted; since this is, I think, the most northern lo-

cality in America from Avhich Emjjusae have been recorded.

Morphologically, the species is chiefly of interest from the pseudo-conjugation already

described on p. 149. I have not had an opportunity of studying the process by cultiva-

tions of hyphal l)odies; and the figures which represent it (ligs. 31-39) are drawn from
specimens which occurred simultaneously in a single grasshopper. The process is not

uncommon, occurriug chiefly in the femora; but in all cases the usual azygospores are by
far the most abundant form of resting spores. The production of a double spore by the

incomplete union of the two halves of a hyphal body is not iufrequent, resulting in forms
similar to that i-epresented by fig. 47, in which the union was nearly complete. It sometimes
occurs also that there is no union between the two halves, and an azygospore is formed on
either side of the median partition. The most common mode by which azygospores are

formed is that represented in fig. 43, where the spoi-e is the result of direct budding from
the usually irregular hyphal bodies. I have never seen in the caterpillar or in the grass-

hopper form a process of this kind which is wholly comparable with that figured under
E. eonglomerata (figs. 60-Gl), for in this case the hyphal bodies are very regular,

nearly round, and beai" the spores on a short neclc. This process is, moreover, invaria-

able in the Tipula foi-m as far as I have seen and shows none of the variations which
occur in Grylli. The same process is figured by Nowakowski,^ but it is not stated in

the explanation of the plates whether these figures are drawn from material on grass-

hoppers or gnats. The budding, from an arachnoid hy])hal body, of spores, which in the

explanation of his plates^ Nowakowski calls ^'^zygospores^'' I have observed in only two
cases; but as there seems no indication in this of a sexual process, and Kowakowski in

his synoptical table of the species'' places E. Qrylli under "Azygospora," I infer that

the use of "zygospory" in this connection is a printer's error. A very common form,

which I have seen frequently in cultivations of hyphal bodies in water, is that repi-e-

sented in fig. 40, where the spore results from a terminal enlai-gement of the hypha of
germination. A formation from septate hyphae, as in fig. 45, I have seen only once or

twice; but the septation as well as the anastomosis and short projections associated with

it has, I think, no significance. The occurrence of resting spores is about equally com-
mon in caterpillai's and in grasshoppers, and the association with them of conidia devel-

oped from the same specimen, frequently occurs. The conidia as a rule show little

important variation in size Or shape, the caterpillai- form showing sometimes a tendency

to taper more gradually to a slightly broader base than in the grasshojiper form ; but, on
the other hand, I have never seen this tendency so marked in caterpillars as I found it in

the spores obtained from the Ceidhopliilus ahovo. mentioned (figs. 25-26).

The earliest occurrence of this species that I have noticed was at Cullowhee, IST. C,
where I found a single specimen early in July. On the grassy summits of Koan Mt.,

N. C, it was epidemic in August and also in mowing fields at Cranberry, IN". C. An
epidemic observed in September at Kittery has already been mentioned; and the latest

' I. c. B, fig. 94. ' I. c. B, p. 182. 3 ; p ^ p j-g_
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occurrence that T have noticed was among caterpillars in Cambridge late in October.

The tendenc^^ of the affected hosts to crawl upwards before death, instead of concealing

themselves, as one Avould naturally expect, is noticeable in this, as in other Empusae,

and results in a far more effective dissemination of the spores. The GeuthojjMlus above

mentioned, which usually lives under logs and in similar situations, had crawled up a bush

about six feet high and hung suspended from the topmost twigs; grasshoppers also almost

invariably crawl nearly to the top of the culms of grass before death, and ai'e thus very

conspicuous and easily collected. Mr. Miyabe informs me that he has seen grasshoppers

in this position in Japan; but whether the Empusa by which they were attacked is E.

Orylli or not, I am unable to say.

For some mention of European epidemics caused by "E. aidicae'' wiiich have been no-

ticed as f;\r back as 1835, reference should be made to the papers of Cohn and Bail al-

ready cited.

Empusa Tenthredinis (Fresenius).

PI. 15, figs. 49-55.

EntornophtJioi'd Tenthredinis, Fresenius Z. c. B, p. 205, figs. 51-58. Sorokin I.e. C, p. 212,

fig. 652.

Conidia broadly ovoid, tapering slightly towards the apex and with a prominent, rather

narrow papillate base; 25 X 35,a-35 X 55/^ (62.5/^ = maximum length, sec. Fresenius).

Conidiopliores simple, coalescing over host. Secondary conidia like the primary. Rest-

ing spores unknown. Host attached to substratum by its legs. Khizoids not observed.

Hosts. Hymenoptei-a: larvae of Tenthredinidae.

JJalntat. Kittery, Maine; Europe.

I have referred to this species a form found early in September upon a small Tentliredo

larva feeding upon Scutellaria in a swampy situation among woods. The larva when

found was hanging flaccid by its prolegs, and the conidiophores were just beginning to

emerge in small tufts over its body. The spores are somewhat smaller than those de-

scribed by Fresenius, nor is their difference from E. Grylli as decided as represented in

Fresenius' plate. A slight tendency to taper more ecpuilly from the middle of the spore

towards the base and apex, as well as its usually more delicate papilla, may separate it

from Grylli to which it is closely allied. It is ap])arently rarely met with even in Europe,

the only mention that I have seen beyond that of Fresenius being a i-eference by Cornu^

to an Empusa on Tenthredo larvae. The i-eference and figure in Sorokin^ are taken from

Fresenius.

Empusa conglomerata (Sorokin) ?.

PI. 15, figs. 56-62.

Entomox>1dhora conglomerata, Sorokin I. c. A; I. c. B, p. 388, Taf. xiii, figs. 1-11; I. c.

C, p. 228, figs. 571, 591, 592.

? Empusa Grylli, Nowakowski (in part) I. c. B, p. 168.

W. c. A, p. 189. ^l.c.
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ConiV/iVf broadl}^ ovoid, usually witli a single large oil globule; 22X25,^-25X40//;
average 23 X ;32//.. ConiAliojjhoi-es, H\mp\e. Secondary co/wrZ/«, like the primary. Resting
spores, azygospores, produced from spherical hyphal liodies and borne on a neck-like

process of variable length. Host floating on water, or among moss in water.

Hosts. Di])tera: larvae and imagines of Tipulae.

Habitat. Mt. Washington, N. II.; Callowhee, IST. C; Europe (on Culex).

It is with gi-eat hesitation that I have i-eferred to this species a form found in the small

brooks which arise in the locality known as the Alpine Garden on Mt. Washington and
also very rarely at Cnllowhee. In the former locality, the Tipula larvae were very fre-

quently met with among moss over which water was running. These larvae were dead
having a milky color, and after being placed upon slightly damp moss which absorbed
the excess of moisture from them, ]iroduced conidia with great rapidity; l)ut in not very
considerable quantities. On examination, the body was found in every case to be filled

with resting spores in various stages of development, and the conidiophores were present

in such small numbers that a " stroma, " such as is described by Sorokin in this species,

would not have been apparent. The conidia closely reseml)le those of E. Grylli, and.

usually contain a single large oil glol)ule in the centre. The difference in habitat be-

tween E. Grylli and the present form is certainly very great, and it is doubtful if E.
Grylli would survive soaking in running water for a week or more as is necessarily the

case with the Tipula larvae above mentioned. The regulai- production of resting sjiores

from neai'ly spherical hyi^hal bodies is not such as is found in E. Grylli and this is the

only morphological difference that I have been able to find between the two. Whether
material in good condition and free from resting spores would show the " stroma " of So-

rokin, remains to be determined; but judging from the spores figured by this author,' as

well as by the host and haljitat, the present form at least approaches very nearly to E.
conglomerata. Sorokin gives no measurements of the conidia that I have been able to

find, but shoidd the measurements correspond, the conidia of the two forms would be in-

distinguishable. Sorokin states that the conidium is discharged together with a body of

protoplasm from the basidium, a circumstance which, in the examination of dried material,

I have not been able to verify in the present instance.

In the i)lates of Nowakowski' certain of the figures of ^. Grylli are drawn from ma-
terial on Gulex, and this author is inclined to think that E. Grylli and E. conglomerata

are the same. The fignres referred to do not wholly corroborate this view and it may be

mentioned that one among them^ exhibits the same regular formation of resting spores

from spherical hj'phal bodies that I have represented in figs. GO and (31.

Empusa apiculata, nov. sp.

ri. 15, figs. 63-70, 74-75.

Conidia nearly spherical, with a prominent papillate base, terminating in a short,

sharp and abrupt point; 28-30,7. X 30-37^, average 30 X 35,-,. Conidiophores simple, some-
times with a tendency to become digitate, originating directly or indirectly from nearly

' I. c. B. '
I. c. B, Piute XI, lig. 04.
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spherical hyphal ))odies. Secondary conidia like tlie primary. Resting spores, az3^go-

spores or zj^gospores ( V) , formed laterally or terminally from hyphae, spherical; hyaline,

30-45,a. Host attached to substratum by long and conspicuous rhizoids, few in number
and terminating in an irregular, disc-like expansion.

Hosts. Lepidoptera: larva of ITyphantria textor, imagines of Tortrix sp.. Deltoid sp.,

Petropliora sj). (geometrid). Diptera: numei-ous genera of small flies or gnats. He-
miptera: imago of a species of leaf hopper {^Typldocyha).

Habitat. Maine and North Carolina.

Var. major.

PI. 15, figs. 71-73.

Conidia more nearl}^ spherical; 38 X 45,a - 55 X GO-/ ; basal papilla smaller in j^i'opor-

tion to the body of the conidium than in the typical form.

Host. Coleoptera: imago of Ptilodacti/la serricoUis {Jide Henshaw).

Habitat. Cullowhee, North Carolina.

It is with some reluctance that I have given a new name to this form, although by the

presence of strong rhizoids and by its apicidate papilla it seems a well-marked species.

The existence of three allied species, H. Jassi, JE. Planclioniana and E. conglomerata,

concerning neither of which is any information procurable beyond the insufiicient data

already published, makes the description of a related form necessarily dangerous, so that

the present name is in a measure provisional until more complete descriptions or figures

of the three forms mentioned are published. The case is rendered still more confusing

by the occurrence on aphides of the species described below and placed provisionally un-

der E. Planchoniaiia. This may prove to be the same with the form under consideration,

and both may be identical with E. Planclioniana; yet, what the latter species is, it is

wholly impossible to determine from published data.

In the present species we have the first recorded instance of an Empusa growing up-

on a lepidopterous imago as its host, although, as will be subsequently seen, this is not an

unique case. The geometrid moth, above mentioned as one of its hosts, Avas taken on

the wing, flying slowly with an unnatural fluttering motion and being placed in a col-

lecting box it was soon fastened to a leaf by five or six long and poAvei'ful rhizoids.

These on examination were found to be made up of several hyphae each ending in an

irregular expansion (fig. 75) around which a hyaline substance seemed to have been se-

creted, converting it into a disc-like sucker. Where several of these terminations had

touched the leaf at adjacent points the several expansions usually coalesced to form one

large "sucker," with a continuous even outline formed by the secretion just mentioned.

This moth contained both conidia and resting spores, the latter forming in a manner ex-

actly resembling that subsequently mentioned under E. spliaerosperma. The appear-

ance of a resting spore having its origin in connection with a cross partition, as in fig.

74, occurred occasionally and seemed wholly analogous to the similar appearance in E.

spliaerosperma (figs. 214-216).

The conidioj)hores, in many instances, arise directly from nearly spherical or eHi])fi('al

hyphal bodies (fig. 61) ; but in some cases I have observed a condition where the body



ENTOMOPHTIIOREAE OF THE UNITED STATES. 165

has been filled with a coherent mass of empty, interlacing- hyphae resembling the

" stroma" described by Sorokin and previously referred to. The conidiophores, which

are clear white, coalesce over the body to a great extent, forming an envelope of consid-

erable thickness. They sometimes tend to become digitate, so that this species, together

with E. Culicis, forms a connecting link between the simple and com]:)ound tyijcs.

The species occurs not uncommonly in North Carolina on the under side of leaves

m Rhododendron thickets; and I have found it occasionally in Maine near brooks or

marshy places in woods, always on leaves. The specimen on Hyphantria textor (larva)

was found at Burbank, E. Tenn., in one of the nests peculiar to these caterpillars; but,

although there were many in the nest, I found no additional specimens attacked by the

fungus. The omnivorous character of the species is noticeable, and experiments with

infections of different hosts are much to be desired, especially with aphides, since it is

only by this means that the true relations between this and the succeedmg form can be

detei'mined.

Empusa Planchoniana (Cornii)?.

PI. 15, figs. 76-78.

JEntomoplitliora Planclioniana, Cornu I. c. A, pp. 189, 190; I. c. B, foot-note, p. 4. Sor-

okin I. G. C, p. 211.

Conidia nearly spherical or broadly ovoid, with a papillate base which is sometimes

furnished Avith a short sharp point. Average measurements 28-33,^ X 30^0,a. Conid-

io})1iores simple, partially coalescing over the host. Secondary conidia like the primar}'.

Resting spores, azygospores, produced laterally or terminally, more commonly intersti-

tially, from hyphae ; spherical, or very irregular in the interstitial forms ; 35-50;u in diameter.

Host attached to substratum by the insertion of its proboscis.

Hosts. Hemiptera: several genera of aphides.

Habitat. Kittery, Maine; vicinity of Boston, Mass.; Europe.

It is with much hesitation that I have placed under the above name a sjDecies occurring

in this country commonly, yet never very abundantly, on numerous aphides infesting the

white birch, Bidens and other plants, in late summer and autumn, associated as a rule

with other species which attack the same hosts. It is sometimes found also associated

with H. A2)hidis in greenhouses where it may be found during the winter months. It

is very neai'ly related to JS. apicidata, and, if not a variety of this species, forms a con-

necting link between it and E. Grylli. It differs from E. apiculata chiefly in the ab-

sence of rhizoids, which I have been unable to discover in fresh material after a careful

search, as well as by the variability of its conidia which are rarely pointed as in E. apicu-

lata, and vary fi'om a form nearly spherical to one not separable from that of even the

longer forms of E. Grylli. The species may be placed under E. Planchoniana only pro-

visionally as may be understood from the following descriptions of the last named spe-

cies by Cornu.

In speaking of the species,^ Cornu suys that the conidiophores, issuing from the body

H.c. A.

MEMOIUS BOSTON SOC. NAT. HIST., VOL. IV. 21
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of the aphides, "iloniiercnt naissance a line spherule mucronee, remphe d'un plasma re-

fringent et an centre de laquelle apparaisait nne spoi-e en forme de toupie d'Allemagne.

Dans Pair humide les sporanges fm-ent lances an lorn," etc.: and in the only other place

where I find the species characterized,^ he says "Cette espece parait characterisee par la

production . . . de spores ovoldes oblongues, sans sporanges, ou sporanges sondes a la

spore" (the italics his). I am unable to reconcile these two descriptions or to determine

whether the author here realizes what I consider to be the true morphology of the Ein-

pusa conidium. The phenomenon of the separation of the outer wall I have never seen

in the round spored species of the "Grylli" type to which the present form belongs, and

such a separation so exceptional in any case, that its occurrence as a characteristic of the

general morphology of any species is highly improbable. A "spherule mucronee" may
refer to a conidium of the "3ff(scae" type; yet since the conidia are characterized as in

the form"de toupie d'Allemagne" as Avell as "ovoides oblongues" this seems doubtful.

The last expression pei'haps refers to another species on aphides (the common JU. Aphi-

dis)
;
yet any opinion concerning the form to which E. Planclwniana belongs is purely

conjectural, since the above quotations which furnish all the jjublished data concerning

the species are not of such a nature as to render its determination possible.

Empusa papillata nov. sp.

PI. 15, figs. 82-90.

Conidia broad-ovoid, evenly rounded, with a very large tongue-like slightly truncate

papilla, clearly defined from the spore body. Average measurements 35 x 50 ,,, maxi-

mum 50 X 75/j. Conidioj)hores stout, simple. Secondary conidia like the primary. Rest-

ing spores azygospores (?), 45-55// in diameter, spherical, slightly brownish. Host at-

tached to substratum by a few large rhizoids, terminating in a sucker-like expansion.

Hosts. Diptera : several minute gnats.

Ilahitat. Mt. Washington, :N". H.; Cullowhee, IST. C.

I first noticed this species on the Avet Spliagmim surrounding a spring in the locality

known as the Alpine Garden on Mt. Washington, where it occiu'red in July and August

(1886), I also found a small number of specimens on very minute gnats in the beds of

mountain brooks at Cullowhee, in company with several other species, which occurred on
moist logs and in similar situations. The conidia sometimes attain a size greater than

any other Empusa known to me and are peculiar for their prominent tongue-like papil-

late base. They are formed usually in small mnnbers and are visible to the naked eye

without difliculty. Like E. ajyiculata, this form is peculiai- for its few powerful rhizoids

which attach the host firmly to the moss or other substratum on which it rests. It differs

from the last-mentioned species in its much larger conidia which are of a more ovoid

shape, while it apparently lacks entirely the sharp point peculiar to the basal papilla of

E. apicidata. It is not impossible that the form on Culex referi-ed by ^owakowski to

E. Grylli may be the present species; yet, as previously mentioned, I am inclined to think

that he refers to the species I have called E. conglomerata. The two forms, E. conglom-

erata as above described and the present species, are, I think, quite distinct.

' I. c. B.
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The resting spores of this species occurred in several specimens simultaneously with

conidia, but were in every case too far advanced in their development to demonstrate

their process of formation, which can hardly vary greatly from that of the nearly allied

E. ajyiculata.

Empusa Caroliniana nov. sp.

PI. IG, figs. 91-105.

Conidia ovoid, oblong or long elliptical, with rounded extremities, the base hardly sep-

arable from the apex; without large oil globules; measuring 10 X 2G,a - 15 X 45/jt, average
14 X 37//. Conidiojjhores simple, barely projecting beyond the body of the host between
the body segments and from the thorax; originating directly from rounded hyphal bod-

ies. Secondary conidia like the primary. Resting spores (azygospores) spherical,

hyaline, 37-55// in diameter, average 15,/ (?). Host attached to substratum by its legs.

Hosts. Diptera: imagines of Tipula sp.

Habitat. North Carolina.

This species is decidedly different from any form known to me and is easily recognized

by its shapeless conidia which, although they are of the EntomopMhora rather than Em-
j)Hsa type, are borne on conidiophores which are rarely bi'anched within the body of the

host and are perfectly simple at their extremities ; the hyphae swelling directly to a ba-

sidium upon emerging. Specimens producing the fungus with the greatest luxuriance may
therefore show little indication of its presence, and in dried material it is almost wholly

invisible, the body segments closing over the basidia in shrinking. A single specimen

only was taken at CuUowhee, while at Cranberry I ])rocured a considerable amount of

excellent material. The affected insects (a brown Tipula with mottled brown wings)

were found in a small group of hemlocks among deciduous woods and occurred invaria-

bly hanging from the lower dead twigs, about which the extremities of their long legs

were knotted in such a manner that it was impossible to disengage them. Several spec-

imens contained only hyphal bodies and I was thus enabled to see the greatest possible

development of conidiophores, by i^lacing the Tipidae in a moist atmosphere. Other
specimens produced both conidia and resting spores, although I was unable to make out

the origin of the latter. As far as could be judged from the examination of material

in which the process was already completed, it consisted in a budding from rounded hy-

phal bodies, but no satisfactory observation was possible in any case. The terminal and
interstitial production of hyphal bodies (fig. 92) through the successive contraction of

the contents of branching hyphae was frequently observed ; but in other cases rounded
hyphal bodies occurred, associated with resting spores, which Avere much larger than

those represented in the figure and may have had a different origin.

Empusa (Triplosporium) Fresenii Nowakowski.

PI. IG, figs. IOG-140,

Empusa Fresenii, ISTowakowski I. c. B, p. 171, PL xii, figs. 115-125. Schroeter I. c,

p. 222.
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Conidia nearly spherical to sliort-ovoid, often with a short, truncate or commonly

slightly i)apillate liase; with grannlar contents; without large fat globules, and slightly

smoky in color; 15 X 18,a-18 X 20,./. Conidlophores simple, arising directly from small,

spherical hyphal bodies of a yellowish color. Cystidla not observed. Secondary co-

nidia of two kinds: the first like the primary, the second almond-shaped and borne

obliquely on ca[)illary conidiophores. Resting spores, zygospores, elli])tical oi- subovoid,

yelloAvish, becoming often smoky and opaque, formed by the conjugation of two small,

spherical hyphal bodies by means of slender gametes, above the point of junction of

which the spore rises as a bud; average measurements 30 x 19,a. Host attached to sub-

stratum by the insertion of its proboscis.

Hosts. Hemiptera: AjjJiis mali and very many other aphides.

Habitat. Maine, Massachusetts, North Carolina, Europe.

The name adopted above for this interesting species is that used by Xowakowsld in

his Krakow paper', although, to avoid confusion, it should be mentioned that the same

author in his i-eview of this publication^ uses the name ^^Freseniaua " by an apparent

oversight. The species is a very common one, haviug been found by Nowakowski on

numerous aphides and also recorded by Schroeter as belonging to the Silesian flora.

Although it has not been previously noticed in America, I have found it very common
at Kittery, Maine, in the vicinity of Cambridge and also as for south as Cullowhee, N. C,
where both the conidial and zygosporic forms occurred on an A.pliis infesting SoJidago.

At Kittery, a black Aphis on poppy, as well as the common apple Ap}liis, was found at-

tacked by jE/. Fresenii about the middle of June; and the last mentioned host contained

abundant zygospores even at this early date. I have found the same species on aph-

ides infesting Bidens and other plants about Cambridge as late in the season as the first

week of October; but here no resting spores occurred. The formation of the resting

spores, illustrated by the series of figures (127-140), has already been described in

some detail (p. 148). As far as can be determined from alcoholic or dried material, the

masses of protoplasm (figs. 106-108) from which the conjugating hyphal bodies are de-

rived, have no proper wall, a circumstance which has been previously noted by Sorokin

in connection with his E. colorata. Before reproduction connnences, these protoplasmic

masses become divided, rolling themselves into small, spherical hyphal bodies (fig. 127j,

which, when developing, certainly show the presence of a surrounding wall. This wall,

during the process of conjugation, becomes considerably thickened, so that the two hy-

phal bodies i-emain attached to the spore in the form of bladder-like appendages which

are tolerably persistent (figs. 135-138). The zygospores, which have been hitherto un-

known, differ from all other described forms by their elliptical shape. In very mature

specimens, they are sometimes almost black and opaque, though I am imable to say

whether this is due to the absorption of coloring matter from the host; or whether, as

seems more pi'obable, the resting spores may not assume a smoky color, analogous to

that of the conidia, which is deepened by age.

The conidia ai'e readily distinguished by their small size and smoky tint, as well as

by the peculiar almond-shaped secondary conidia of the second type, borne on slender,

' ;. c. B. =Bot. ZL-itiiiig, XL, p. 5C1.



ENTOMOPHTHOREAE OF THE UNITED STATES. 169

thread-like coiiidiophores, which may be seen ])i'oclnced from them abundantly in any
jireparation, the ordinary form of secondary conidia being of rare occurrence. The pri-

mary conidia possess more than usually refractive, homogeneous contents, in which are

embedded numerous fine granules; and the thickness of the spoi'e wall is noticeable as

in the succeeding species, although in the present instance it is not indicated in figs. 110
-116. The growth of the fungus is never luxuriant, and each spherical hyphal body,

from its small size, can hardly give rise to more than one or two conidia.

As already mentioned, I have taken this and the succeeding species {E. lageniformis)

as the types of a new sub-genus, Triplosporlwn, which will, I think, prove to have a

generic value wlien further information has been obtained concerning the development

of the last-named species.

Empusa (Triplosporium) lageniforniis nov. sp.

PI. IG, figs. 111-lGO.

Conidia slightly smoky, flask-shaped, with a truncate, hardly papillate base, rounded
apex and evenly granular contents; average measurements 20 x 35//, maximum 30 x 38,a.

Conidiopliores simple, or when young sometimes fasciculate or pseudodigitate ; terminat-

ing by a weak, tapering basidium. Cystidia not observed. St^condary conidia like the

primary, or almond-shaped and borne obliquely on capillary conidiopliores. Resting

spores unknown. Host attached to substratum by the insertion of its j^roboscis.

Hosts. Hemiptera: usually aphides on Betida populifolia.

Habitat. Maine, Massachusetts, IS^orth Carolina.

The discovery of the resting spores of this species is perhaps the most interesting fact

that remains to be observed among American Empusae, owing to its undoubted affinity

with E. Fresenii. The sjiecies being of larger dimensions than E. Fresenii, we may
look for an instance of true conjugation which may be even more readily followed than

in the last mentioned form. I have found only scattered examples of this species in sin-

gle localities, although it is generally distributed in company with E. occidentalism sub-

sequently described. Both forms occur, as far as I have observed them in ^N^ew England,

only upon a large Apliis generally found in abundance on the white birch in August
and September. Numerous specimens examined contain no signs of resting spores, pro-

ducing only conidia which are similar to those of E. Fresenii, except as i-egards their

larger size and somewhat peculiar shape. The single specimen collected at Cullowhee
occurred on an Apltis infesting Solidago, so that it is probable that the disease could be

readily propagated among greenhouse aphides, for example, and thus afford a means of

observing its further development.

Empusa (Entomophthora) Lampyridarum nov. sp.

PI. 17, lios. lGl-172.

Conidia regular, ovoid; slightly tapering towards the apex; with an abrupt, broad,

slightly papillate base; contents granular, without large oil globules. Measurements
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14 X 30/i-20 X 37/i, average 15 X 35,a. Gonidlophores digitate (?). Secondary conidla

like the primary or more commonly long-cylindrical, rounded at either end, and borne ver-

tically on capillai-y conidiophores. Resting spores unknown. Host attached to leaves,

etc., by its mandibles.

Hosts. Coleoptera : imago of Chauliognathus Pensylvanicus.

Habitat. Cullowhee, N. C.

This interesting species was unfortunately not observed by me until a day or so before

leaving Cullowhee, so that my material is limited to two specimens in fair condition, yet

not sufficiently good to determine definitely the charaetei- of the conidiophores which, I

have little doubt, are typically digitate. The specimens were allowed to discharge their

conidia in a damp chamber so that the conidiophores were apparently exhausted by the

operation; and those remaining were of the character represented in fig. IGl. The sec-

ondary conidia of the second type are very peculiar, and separate the species at once from

all others by their vertical position upon the conidiophore, as well as by their peculiar

shape which is exactly that of a watermelon.

In the absence of more definite knowledge concerning the structure of the conidio-

phores, as well as from the lack of material containing resting spores, the aifinities of the

species are somewhat doubtful. It seems allied both to Triplosjiorimn and to the sjiliae-

rosperma group of Entomoplitliora; but the type of development in its resting spores

must be observed before this can be determined.

The melon-shaped secondary conidia are produced in great abundance, even in a fairly

moist atmosphere, and in only one or two instances I observed a second form like the

primary conidium in process of formation. In many cases, the more common secondary

conidia were larger than the spoi-es from which they were produced, and this, together

with the apparent thinness of the spore wall, seems to indicate that they are not as re-

sistent as is usually the case with secondary conidia when borne on capillary conidio-

phores. It will also be noticed that the secondary conidiophores are much less thread-

like than is usually the case.

The affected beetles (fig. 172) were found firmly attached by their mandibles to grass

or leaves in open fields; and, to judge from the number of heads that I observed in this

position from which the bodies had been broken away, I should infer that the species

had been not uncommon in the locality mentioned. The same beetle was abundant at

Burbank, E. Tennessee, yet here I observed no specimens of the Hntomopldliora.

Empusa (Entomophthora) geometralis nov. sp.

PI. 17, figs. 173-178.

Conidia short-elliptical to ovoid; 15-22/^x10-12/.; contents finely granular, with a

hyaline nuclear body. Conidiophores digitate, coalescing. Gystidia not observed. Sec-

ondary conidia like the ])rimary, or long almond-shaped and borne obliquely on capillary

conidiophores. liesting spores borne laterally or terminally on short hyphae as in H.

spliaerosperma ; spherical, colorless, average diameter 30,a, maximum, 35/.. Host attached

to substi-atum by numerous rhizoids issuing from the abdomen at nearly the same point,

and for the most pai't coalescing.
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Hosts. Lepidoptera : imagines of geometrid moths {PetrojjJiora, Eujyithecia, Thera,

etc.).

Habitat. Kittery, Maine.

This species was found during the month of September (1886) attacking geometrid

moths of several species in or near pine woods, a favorite habitat of these insects. It is

usually the habit of the host to i-est with the abdomen curved upwards and, at one point

of the under surface, resting on whatever object the moth may have lighted upon, usu-

ally a pine needle. At this point of contact, and, as far as I have observed, nowhere else,

the rhizoids are produced in a tuft which thus fastens the insect by its abdomen. The
rhizoids appear before death and I have found a small Eupithecia fluttering violently in

its efforts to free itself from a pine needle to which the rhizoids had already become firmly

attached (fig. 173). Although the specimens collected were found for the most part on

the borders of pine (P. strohus) woods, several were noticed in other situations, as for in-

stance, in a room used by me for collecting night moths by means of a lamp. Here sev-

eral specimens of Ewpitliecla, thus atti'acted, were found fastened to the walls and win-

dow panes. The species was not studied while fresh and none of the dried specimens

were in the proper condition for showing clearly the method by which the i-esting spores

are formed. As far as could be seen, however, the process is similar to that described

in E. spliaerosperma.

The conidia are peculiar and may be at once recognized by their short, thick form,

which readily distinguishes them from those of the closely allied E. sphaerosperma.

Empusa (Entomophtbora) occidentalis nov. sp.

PI. 17, figs. 179-199.

Conidia of the sphaerosperma type, sometimes slightly fusiform, often tajjeiing strong-

ly towards the apex, with a broad, rounded, papillate base. Average measurements

35 X 10/i, maximum 4.5 X 12 ji. Contents usually finely granular, sometimes Avith larger

fatty bodies. Conidiophores irregularly digitate, coalescing in a white or slightly yel-

lowish mass. Cystidla slender, slightly tapering. Secondary conidia like the primary,

or long almond-shaped and borne obliquely on capillary conidiophores. Resting spores,

azygospores or zygospores (?), borne laterally or terminally by budding from the hyphae;

colorless, spherical, 20-35// in diameter. Host attached to substratum by numerous
rhizoids.

Hosts. Hemiptera : aphides on Betula poptd/ifolia.

Habitat. Maine, Massachusetts.

This is a well marked species of the sphaerosperma type, and occurs ver}- commonly
on the aphides which usually infest the common white birch in late August and in Sep-

tember. It generally is associated with the much rarer E. lageniformis which attacks

the same host, and it may be found, in my expei-ience, in almost any locality where the

white birch grows. The conidia are chiefly noticeable fi'om such foi-ms as are repre-

sented by figs. 183 and 184 which strike the eye at once in examining a preparation.

The contents of the conidia are usually finely granular with a central nuclear body (figs.
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185-189) ; but sometimes contain fatty globules of considerable size. The resting spores

often occur in specimens also producing conidia, and are commonly'- formed by lateral

budding from short hyphae in an apparently non-sexual fashion; but numerous in-

stances occur, as in E. sjyhaerosperma, where the budding is associated with a partition,

as in figs. 196, 198-199, which may perhaps indicate a sexual process. In a few cases

spores developing from long hyphae growing in the legs seemed to result from a process

which may with safety, I think, be considered a form of conjugation (fig. 197).

The species has little that is peculiar in its structure and is only interesting as being

another example of the strongly marked spliaerosperma type.

Empusa (Entomophthora) spliaerosperma (Fres.).

PI. 17, ligs. 200-219.

EntomoiMlwra sphaerosperma, Fresenius I. c. A, p. 883; I. c. B, p. 207, Taf. ix, figs. 68-

78. Sorokin I. c. C, p. 220, figs. 579-81, 586-90, 632-33, 654. Schroeter I. c, p. 223.

TarlcJiiwn sphaerospermum, Cohn Z. c. B, p. 81.

Empusa radicans, Brefeld Z. c. A; I. c. B, p. 14, Taf. i-ir.

Entomoplithora radicans, Brefeld I. c. C; I. c. D. Nowakowski I. c. A.; I. c. B, p. 165,

Taf X, figs. 63-67, Taf. xr, fig. 71.

Entomophthora Phrjtonomi, Arthur Z. c. A; I. e. B.

Conidia long-elliptical to nearly cylindi'ical; papillate at base and tapering very slightly

near the rounded apex; 15-26,^ X 5-8,a, average 20 x 5.5,a; usually with a fine granular

contents and a central oval nuclear body. Conidiop)hores much branched and confluent

over the body of the host, forming usually a mass the upper surface of which is flattened.

Conidiophores digitate. Color of the fungus as a whole white, varying to bright pea

green. Cystidia slendei', tapering, not abundant. Secondary conidia like the piiniary,

or long almond-shaped and borne on a capillary conidiophore. Resting spores, azygo-

spores or zygospores (?), borne laterally or terminally from hyphae; 20-35/^, average

25// ; spherical, hyaline or very slightly yellowish. Host attached to substratum by rhi-

zoids.

Hosts. Lepidoptera: imngo of Colias 2>hilodice; larva of Pieris. Hymenoptera: leli-

neumonidae of several geneia and species, a small bee (near Ilalictus). Diptei-a: imago

of Miisca domestica (Brefeld), Musca sp. (Roan Mt., Thaxter) ; numerous small species

belonging to the Culicidae,Mycetophilidae, Tipulidae and other families. Coleoptera: lar-

va of Phytonomas 2iunctaiiis ; imago of one of the Lampyridae. Ilemiptera: A.phis sj).;

several species of Typhlocyha (leaf ho])pers), larvae, pupae and imagines. Xeuroptera:

imago of Limnophilus (?) (Schneider). Thilpidae: larvae, pupae and imagines of a

species of Thrijys on Solidago.

Habitat. Maine, New Hampshire, Massachusetts, New York, North Carolina, Eu-

rope.

It is unnecessary to remark that this species is peculiar for the great diversity of its

hosts which include all insect orders, excepting only the Orthoptera. It is an extremely

common form, probably from this reason, and often produces epidemics of considerable
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proportions. It was first reported fi-om tliis country by Mr. J. C. Arthur who describes

it as Eatomophthora Phytonomi n. s., having found it destroying the clover weevil (Phy-
tonomus j^undatus) in great numbers in the vicinity of Geneva, IST. Y. The affected

larvae, just before death, crawl up blades of grass, etc., and curling themselves around
them near the summit are attached by the rhizoids in this position. Material of the

Phi/tonomus form received by me from Professor Riley, which was collected, I believe,

by Professor Lintner at Albany, IST. Y., shows no sufficient differences which can sepa-

rate it from the same form on other hosts, although the average measurements of the

conidia are very slightly larger than in the majority of cases, the maximum length given

by Arthur being 28/,, while as a rule I have seldom found it more than 25;,. The shape

of the spores is identical with that which characterizes the other forms and is similar to

the published figures of i?. s2jhaeros2^erma to which all the forms occurring on the hosts

above enumerated should, I feel confident, be referred.

In my own experience, I have observed two epidemics caused by this species: one

among certain small flies in a wood near marshy ground at Kittery, Me., where the

hosts occurred in considerable numlx'rs fixed by the fungus on the under side of the

lower leaves, a few feet from the ground. The second instance occurred in two orchards

in the same locality where the hnudreds of the previously mentioned epidemic were re-

placed by tens of thousands, the host in this instance being the leaf-hopper {Typhlocyha

mali and rosae), a pest only too well known to cultivators of roses. Having first ob-

served it in some abundance on roses in a garden, I was led to.make an examination of

adjacent apple orchards, and found the lower branches of the trees literally covered with

the affected hosts, a dozen or more being often fastened to a single leaf. Unfortunately,

I was too late, and in almost all cases the specimens had discharged their spores, while

no more hosts remained for infection. A few, however, were still producing conidin,

and it occurred to me to endeavor to iufect from them the larvae of Pieris, which is the

common European host of this species. For this purpose I placed a small number of

young larvae in the bottom of a jelly tumbler, fixing the infected hosts above them as

previously described. This was on Sept. 10 (1886) ; on Sept. 16, the majority had pre-

pared to pupate, the larvae having been too far advanced when infected. One larva, how-
ever, on the evening of the sixteenth, was found dead and attached to the leaf on which

it had been feeding by powerful rhizoids which issued from the region of the prolegs.

This larva was not disturbed for twenty-four hours, in the hope that conidiophores might

make their appeai'ance, but none appeared, and the insect became slightly collapsed.

Upon examination, it was found to contain numerous, spherical resting spores, about 25,^

in diameter, the origin of which could not be seen, all traces of hyphae having disap-

peared owing to a partial decomposition of the -contents of the caterpillar which also

contained several larvae of Pteromalus. This fact surprised me greatl}^, since, in his

infection experiments, Brefeld states that no result was produced when spores were sown
on larvae thus infested. A double parasitism was also found in my experiments with

E. GrylU previously mentioned, in which the larvae of certain insect parasites issued

from several caterpillars thickly covered by conidiophores. The remaining larvae in the

present experiment died witli Pteromalus or ])upated within a day or so. Several died

from Pteromalus after pu[)ation, and the remainder, three or four in number, died before
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or after pupation and were found to contain irregular bodies rcseml)ling hyplial bodies,

but often witliout apparent walls and associated with a general fatty degeneration of the

whole contents of the pupa. At this date (Sept. 17) it was only possible to procure very

poor material for infecting a fresh set of Pieris larvae, and although much younger larvae

were selected than in the previous experiment, no results were obtained; the caterpillars

upon reaching maturity either dying from insect parasites or pupating.

Although these experiments by themselves are not by any means convincing, the in-

fection of even a single Pieris larva from a host so totally different, and under circum-

stances such as I have described, when taken in connection with the structural similarity

existing between the American and European forms, furnishes in my opinion sufficient

ground foi- considering them as belonging to a single species.

The occurrence of this species on a butterfly (Colias jjJiilodice) , fig. 200, is also an in-

teresting fact; the specimen in question, which was found on the ground in a pasture

at Kittery, being, I believe, the first recorded instance of this nature. This is also I

think, the only species that has been found to attack hymenopterous imagos, on which

it very commonly occui-s; a fact that might be of interest to bee-raisers, should the fun-

gus develop a local fondness for bees. In this connection it may be noted, however, that

several hives of bees placed under the trees in the apple orchards above mentioned,

showed no signs of any entomophthorous disease.

The species pi-obal)ly has a very wide geographical range, and although in Xorth Caro-

lina I have found it less common than in IS^evv England, it occurred in some quantities on a

fly, somewhat smaller than Musca domestica, which I found fixed to the undei- sides of the

leaves in Bhododendron thickets on the summit of Roan Mountain. On Mt. Washington,

N. H., I have found it infesting flies, ichneumons, and a minute Thrips Avhich it destroyed

in great numbers. This occurrence iipon Thrips is interesting as iUusti-ating the omnivo-

rous character of the parasite. Krasilstchik, in his list of insect hosts attacked by fungi,

gives Thrips as the host of an undetermined species of Entomophthora which is, I believe,

the only other recorded instance of this insect as an Empusa host. The infested larvae,

pupae and imagines of this insect, as they occurred on Mt. Washington, were hai'dly vis-

ible without a hand lens. Both conidia and resting spores occurred in this instance; the

former somewhat smaller and more irregular than in the case of hosts whose size admits

of a more luxuriant growth of hyphae, yet differing but little from the usual type.

The general appearance of the fungus in this, as well as in the succeeding species,

when it is well developed on its smaller hosts, is almost always sufficiently peculiar to

distinguish it from other Empusae. The whole mass of conidiophores coalesces over the

body often leaving only the middle of the thoi-ax uncovered; but instead of presenting

the rounded form usual in other Empusae, the upi)er surface has a flattened appearance,

and is the only poi-tion from which conidia are dischai-ged. This is due to an oblique

tendency observable in the growth of the main hy])hae, as is indicated in fig. 202, the left

hand portion in the figure corresponding to the outer part of the whole mass. The ba-

sidia thus have a general tendency to point upwards instead of in all directions as is

usually the case. The occurrence of specimens in which the mass of conidiophores is

colored green or greenish is not common, and the color fades on drying; but in two

cases in the epidemic among leaf hoppers just mentioned, I found specimens in which it
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was colored a vivid pea green, a cifcuinstance that can liardl}^ 1)e dne to any coloring

matter from the host, whieh is of a pale yellowish tint. A similar coloring will be noticed

presently nnder E. dipterigena.

The formation of the resting spores in this species has already been mentioned (p. 147).

The instances figured (figs. 214-217) were taken from two leaf hoi)pers, the only speci-

mens that I have examined in which the development of the spores was at exactly the

proper point for observing theii" origin. The differences apparent between this process

and that figured by BrefekV are, in my opinion, merely the result of the difference ex-

isting between the conditions present in either case; the totally dissimilar nature of the

host being in itself a sufficient explanation. It should be noticed also that in the legs of

these same si)ecimens the hyphae w^ere long and continuous, and, although no resting

spores had begun to develop in them, an occasional anastomosis was apparent; while the

same is true of the pi'cceding sjiecies {^JE. occidentalis) in which resting spores were ob-

served in a similar situation in connection with hyphae which showed anastomoses here

and there.

Empusa (Entomophthora) Aphidis Iloftinan.

PI. 18, figs. 220-240.

Etitomophtliora Aphidis, Hoffman in Fresenius I. c. B, p. 208, figs. 59-67. "Winter

I. c. Soroldn I. c. C, p. 213, figs. 593-594, 634; I. c. d, p. 60, plate ii, figs. 14-18.

i^owakowski I. c. B, p. 164, figs. 59-62.

TaricMum ApliidiSj Cohn I. c. B, p. 84.

Evtoviojihthoraferruginea, Phillips I. c, p. 4, plate in, figs. 1-13.

Conidia ovoid to elliptical or subfusiform ; commonly asymmetrical and very varia-

ble; with papillate base and containing numerous oil globules. Average measurements

25 X 12;/, maximum 16 x 40,a. Conidiopliores digitate, often simple. Hyphal bodies spher-

ical, gei-minating in all directions and giving rise to numerous contorted hyphae which

grow into conidiopliores. Ci/sfidia rather slender and tapering at their extremities.

Secondary conidia like the primary, or short ovoid with a single large oil globule, nest-

ing spores "spherical, 33-45./ in diameter and boi-ne terminally or laterally on hyj^hae"

(Fresenius and Sorokin). Host attached to substratum byrhizoids, few in number, and

usually terminating in a disc-like expansion.

Hosts. Hcmiptera: Aphides of numerous genera.

Ilahitat. Maine, New Hampshire, Massachusetts, IST. Carolina, Washington, D. C,
Europe.

It is of course impossible to determine whether the description of Fresenius^ really

refers to this species or to other forms found upon aphides and producing similar rest-

ing spores; yet there can be no doubt that the conidia first desci-ibed by Winter^ and

subsequently described and figured by Nowakowski are identical with those of the form

above described. Although I have not myself observed the resting sjwres of this spe-

cies, they are described by Winter and Sorokin as spherical, so that the assumption is

justified that in the present instance we are dealing with the tvy\Q E. Aphidis, which must

H.c.H. -l.c.B. ^l.c.
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otherwise be distributed among at least four other species having spherical resting spores

and gi-owing upon a[)hides, namely, E. sphaerosjienua, E. occidentalis, E. Plaachonlana

and the foi'in under consideration. I have, it will be noticed, placed E. ferruginea as a

synonym of this species, although Mr. Phillips states that his species, in the opinion of

Mr. Cook, is a distinct form, as shown by a comparison with authentic specimens of E'

ApMdls. The figures and desci-iptions of E. ferruginm, however, as far as I can judge,

point to the ]:)resent species; and moreover the exsiccati specimens of E. AphUU.s are

unreliable, the two numbers that I have examined' containing in the one instance nothing

whatever, and in tlie other E. Fresenii, a species which cannot be confounded in any

way wath E. Aphklis on account of its pecuUar i-esting spores.

Although this species {E. ApJtidis) has not, to my knowledge, been previously reported

from the United States it is, with the exception of E. Muscat and ])erha[)s E. GrijlU, the

commonest of all the Empusae; occurring abundantly in the localities above mentioned.

It was first called to my notice by Dr. George Dimmock who noticed it in a greenhouse

in Cambridge during the winter of 1886. In this situation it acted as a decided check

to the multiplication of the aphides, yet did not spread with sntiicient rapidity to render

"smoking'" in the greenhouse unnecessary. At Ivittery I have found it on numerous

genera of aphides and especially destructive to the forms which injure tlie hop. In one

case I observed a large hop vine some twenty feet high completely covered with aphides

which were killed off by this fungus in about two weeks; the affected hosts lieing fas-

tened to the under sides of the leaves, and to the younger shoots in vast numbers. The

destruction of colonies of Aphis by this species or by E. Fresenii seems to be the rule

rather than the exception, and is at least of very common occurrence. An instance of

the kind was called to my attention during the second week in June of the past year

(1887) by Mr. L. O. Howard, who showed me great quantities of aphides dying of the

disease on clover near the agricultural department buildings in AVashington. The prob-

able agency of ants in spreading these epidemics is worthy of notice as well as that of

night moths, especially Noctuidae, which, as well as ants, are often attracted in great

numbers by the sweet secretion of the aphides.

Despite the abundance of the conidial form, I have never obtained a single specimen

of the i-esting spores that I have been able to discover among my material. The conidial

form is chiefly of interest from the pecnliar "germination" of the hyphal bodies repre-

sented in fig. 239, and consisting in the production, from a central cell with a highly re-

fractive contents, of a mass of hyphae growing from it in all directions, and subseqnently

giving rise to the conidiophores. This at least is the usual derivation of the mass of

contorted and branched hyphae which may be fonnd filling the aphides just before the

external appearance of the conidiophores. The number of these cells or hyphal bodies is

small, as may be inferi-ed from the enormous number of hyphae which each pi-oduces,

and their origin is a question which I have been unable to settle from actual observa-

tion ; although in a few cases I have found large hyphae at a less advanced stage of the

development of the fungus, the contents of which were collected terminally or intersti-

tially into rounded masses which may have represented the hyphal bodies in question.

The conidia are noticeable from their considerable range of vai-iation, both in size and

' iMyc. Univ. No. U)1G; Herb. M.\c. No. 708.
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shape. The conidiophores are white in the mass, often tinged with yellowish or flesh

color from the coloring matter of the host, which usually assumes a pale brick-red tint at

or just before death. This change of color is, however, common to most aphides attacked

by Empusae and cannot be considered distinctive of any species. In one instance I have

found a form, apparently this species, on a large bug (one of the Corisiae?) ; but, unless

the species subsequently described as E. dipterigena proves to be the same fungus, there

is little vai-iation from the usual host.

Empusa (Entomophthora) dipterigena nov. sp.

ri. 18, ligs. 241-260.

Conidia variable in shape, ovoid to oblong or subfnsiform, with a papillate base, often

bent to one side, and containing numerous lai-ge oil globules; average measurements

llX22y, maxinnim 15X30//. Conidiopliores digitate coalescing over thebody of the host

in a clear white, very rarely bright pea green mass. Gystidia slender, tapering toward

the apex. Secondary conidia like the primaiy or broad-ovoid. Besting sjyores (zygo-

spores?) produced exteniaUy in grape-like clusters; spherical, hyaline, 20-40/1 in diameter.

Host attached to substratum by rhizoids; few in number, large, with a disc-like terminal

expansion.

Hosts. Diptera: small Tipulae; other small flies or gnats belonging especially to the

Mycetophilidae.

Habitat. Maine, ISTew Hampshire, Massachusetts, ]!!^orth Carolina.

Before discovering specimens of this species producing both the conidia and resting

spores simultaneously, I was inclined to regard it as a mere variety of JS. Ajihidis; but

the peculiai- external production of the resting spores, taken with its g-enerall}^ smaller

measurements and quite difterent host, serves sufficiently to distinguish it. It is nearly

allied to JiJ. ovispora and JE. echinospora, but separable at once from the first by its slender

tapering cystidia, and from the second by its smooth resting spores. From ^. A.mei4-

cana it is separable by its smaller, often subfnsiform conidia, as well as by the presence

of cystidia, its general habit and i)eculiar rhizoids.

!N^one of the specimens found contained resting spores at a sufficiently early stage of

their development to show the nature of their origin. The youngest examples, in which

the spore contents were still granular, indicated a tendency to produce distinctly grape-

like clusters, and in all cases the spores were external. The species is not uncommon,
occurring only on the under side of leaves in woods or thickets, and was first noticed

on Mt. Washington in late August, at the head of Tuckerman's ravine, and subsequently

collected in swamps about Kittery, Maine, in small numbers. In ISTorth Carolina, it was
more common in similar situations, both forms of spores occurring not infrequently.

I have placed the E. riniosa of Schroeter^ as a doubtful synonym of this form, with

which his description coincides with little variation. Schroeter's species is certainly not

the H. riniosa of Sorokin, the spores of which belong to a very diflerent type.

' 2. c.
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Empusa (Entomophthora) virescens nov. sp.

PI. 18, figs. 251-201.

Conidla ovoid to oblong, of irregular shape; with bluntly rounded base and apex, the

former often hardly papillate and not well distinguished from the apex : color greenish yel-

low in dried material; containing numerous small, irregular, often rod-like fat bodies;

measurements 10x20,,-16x36/j., average 14x30,./.. ConidiopJiores digitate, arising indi-

rectly from spherical hyphal bodies which germinate in all directions, giving rise to very

numerous hyphae which subsequently become conidiophores. Cy-stldia not observed.

Secondary conidia like the primary. Resting spores unknown. Host attached to sub-

stratum by rhizoids?

Hosts. Lepidoptei-a : larvae o? Agrotls fennica.

IlaUtat. Ottawa, Ontario (Mr. Fletcher).

The specimens from which the above description was taken Avere received by Professor

Farlow from Mr. J. Fletcher, Dominion entomologist, who writes concerning them as

follows:—"In the spring of 1884 from May 15 until the end of the first week in June,

all the gardens and fields in the district around Ottawa were severely attacked by the

larvae of Ar/rotis fennica. The disease of which you have a specimen w^as first observed

about the 22nd of May, and was extremely virulent. Dead larvae were to be found in

all directions; on stone walls, on fences and particularly on the tops of stems of grasses.

They were also vigorously assailed by Tachinidae and Carabidae. The JEntomojMhoru,

however, was undoubtedly the influence which brought this insect down again to its

normal rai-e occurrence at Ottawa." The specimens received were black and shrivelled,

the fungus appearing as a greenish yellow coating, emerging in small tufts, which, in the

more mature si^ecimens, appear to have coalesced over the body. The conidia appear

also gi-eenish j'ellow in the mass, and are recognized by their general shapelessness and

rounded extremities, as well as by the mimerous small fatty bodies of a crystalline ap-

pearance which characterize the spore contents. I have placed this s[)ecies near E. Ajihi-

dis from the structural similarity indicated by the peculiar germination of the hyphal

bodies already described in the last-named form; but the conidia seem to be of a diflerent

type.

It should be noted that the host of this species is closely allied to that of J^. mega-

sjjerma of Cohn which also occui's upon an A(jrotis larva. Mr. Fletcher Avrites me that

he has not observed a single specimen of the fungus since the date above mentioned, and

as the material originally sent contained only conidia I am unable to give any information

concerning the resting spores. The conidia of E. luegasperma are unknown, nor has the

species been observed to my knowledge since it was described b}' Cohn.^ The resting

spores of E. megasjjerina are fortunately an exception to the general rule, being readily

recognized by their dark brown, reticulate epispore, so that the question concerning the

identity of the present form with Cohn's species can be settled beyond a doubt as soon as

the resting spores of the one or the conidia of the other become laioAvn.

' I. c. B.
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Empusa (Entomophthora) Americana nov. sp.

PI. 18, figs. 262-273.

Conidia long-ovoid, with a broad evenly rounded apex; tapering for some distance to

a papillate l)ase often slightly bent to one side. Within the spore are usually niunerous

fatty bodies often very rcgiilar in size and shape. Average measurements 28-30/1 x 14//,

maximum 35 x 15/'. ConidiojjJiores regularly digitate, arising from large, irregulai-, round-

ish hyphal bodies, and coalescing over the host iu a mat-like covering which becomes
slightly rust colored on exposure. Gystidia absent. Secondary conidia like the primary.

Resting spores, colorless, hyaline, sphei-ical; average diameter 38-45/., maximum 50//,

Process of formatiou not satisfactorily observed. Host attached to sul)stratum by num-
erous filamentous I'hizoids, without terminal root-like expansions; forming an even mat-

like attachment continuous around the abdomen of the host.

Hosts. Diptera : Musca domestica, M. vomitoria, Lucilia Caesar, and numerous other

large flies.

Hahitat. Xew Eno-land and Xorth Carolina.

This common species is freqiiently met with from June to October on the borders of

woods, near brooks or in shrubbery about houses. The host is generall}' found fixed to

the under, i-ai-ely on the upper, side of leaves or on bare twigs, a few feet fi'om the

ground. It can readily be distinguished by its general habit from any species known to

me with the exception of JE. ecJiinosjJora/ since the rhizoids instead of growing out in the

form of numerous scattered threads are developed in an even layer around the hosts'

body forming, with the conidiophores, a continuous mat-like covering Avhich becomes
often dark rust colored on exposure to the weather. The mass of conidiophores is at

first pure white, and in a moist chamber grows with great luxuriance.

The conidia are almost identical in appearance with those figured by N^OAvakowski as

belonging to E. oinspora and the measurements are very nearly the same. U. ovispora

is, however, at once separated from the present species by its peculiar cystidia whicli re-

semble those belonging to E. sepulchralis (fig. 306). In the present species, I believe

there are no cystidia whatever, and I have looked in vain for anything* remotely resem-

bling them. Whether the type of conjugation found by iN^owakowski in J^. ovispora

exists also in the present species, I am unable to say, since in all cases in Avhich I have

found resting spores, the latter were mature and no trace of their method of produc-

tion was visible. £/. Americana is also closely allied to JiJ. muscivora of Schroeter which

seems to be identical with JS. CalUphorae of Giard. The resting spores in both these in-

stances are described as chestnut or deep chestnut l)ro\vn; and since the material of both

seems to have been abundant, I have no hesitation in separating them from our species

in which the spores are always perfectly hyaline. They occur not infrequently in con-

nection with the conidia, and my material is sufficiently large to demonstrate the invaria-

bility of their color or lack of color. In l^orth Carolina the species Avas of i-arer occur-

rence than in Xew England, and I obtained l)ut few specimens on shrubs in open woods
or on twigs of hemlock. It has been taken also by Professor FarloAv and Mr. Miyabe at

Woods HoU, Mass., and a specimen Irom jN^ew Hampshire Avhich I have not examined
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microscopically is in Dr. Ilagen's collection of entomogenous fungi. I have collected it

frequently at Kitter}' and in the vicinit}^ of Boston, and it has been sent to me from Jaffrey,

N. H.

Empusa (Entomophthora) montana nov. sp.

PI. 18, figs. 274-285.

Conidia, ovoid to turbinate, usually tai^ering from a broadly rounded apex to a some-

what attenuated, slightly pointed base, containing numerous large oil globules and meas-

uring 11 X 18,a-15 X 25//. Conidiopliores digitate, coalescing over the host in a livid

white mass and arising directly from rounded hyphal bodies. CystUlia tapering or rounded

at the apex, larger than the conidiophores. Secondary conidia like the primary or short

ovoid. Resting sjjores unknown. Host attached to substratum by numerous rhizoids.

Hosts. Diptera: a minute gnat, ap])arently CJiironomus sy>.

Ilahitat. Alpine summit of Mt. AVashington, N. H.

This small species was found late in August, 1886, in great abundance on a small gnat

common about one of the brooks running into the "Lake of the Clouds " on Mt. Wash-
ington; several hundreds of specimens being' obtained from the wet SpliagnumhoYAevmg

the brook. I have observed it in no other locality, even on Mt. Washington, although

thorough seai'ch was made in similar localities in other parts of the mountain. The species

presents no peculiarities of interest beyond the shape and size of its conidia which are

readily distinguished by their usually pointed base and broad apex which give them the

appearance of a long top.

Empusa (Entomophthora) echinospora nov. sp.

ri. 19, figs. 286-305.

Conidia ovoid, tapering to a pa|nllate base ; usually nearly symmetrical ; 20-25 x 10-14/1

;

containing, one or more large oil globules. Conidiophores digitate, coalescing into a mat-

like covering which turns rust colored on exposure. Cystidia not observed. Secondary

conidia like the primary or varying only slightly. Resting spores, zygospores, spherical

30-40// in diameter, the exospore spinose; commonly produced externally as well as in-

ternally, and in the foi-mer case held slightly, after maturity, by a delicate mesh of hy-

phae. Host attached to substratum I)y rhizoids, coalescent around the abdomen in the

conidial form.

Host. Diptera: imago of Sapromyza longipennis and rarely other smaller Diptera.

Ilahitat. Maine, K^ew Hampshire, Xorth Carolina.

A single specimen of this interesting species containing both resting spores and conidia,

together with sevei-al examples that Avere useless fi'om exposui'e, were found in August,

1886, among the alders at the head ofTuekerinan's ravine, Mt. Washington, on the pretty

yellow-winged fly that appears to be its almost invariable host. The conidia so nearly

resembled those of E. Americana and JE. dipterigena that it was only by accident that

I examined the specimen a second time aftiM- having placed it with my material of these
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species. Having discovered tlie peculiarity of its resting spores, I looked for it witli some
care in jN^ortli Carolina daring the succeeding summer and was rewarded by finding the

same host repeatedly infested by the same fungus. In Carolina it occurred almost in-

variably on the under side of leaves esi^ecially of Impatiens growing beside brooks in

the woods. The conidial form was extremely rare, but of the resting condition I pro-

cured some dozens of specimens. In very many cases the resting spores are produced

wholly, or more commonly partially, outside the body of the host, having originated from

hji^hae (fig. 297) which emerge after the manner of conidiophores, and subsequently con-

jugate as shown in figures 298-302. Certain of these hyphae are seen to project some
distance beyond the rest (fig. 297) and idtimately form a delicate web which serves to

hold the mass of spores to some extent. ]S"one of my material was sufticiently good
clearly to show conjugation within the body of the host, and the hyphae were so evan-

escent and filled with such large globules of fat that points of conjugation could hardly

be made out in the confused mass. The spines develop more rapidly within the body
than without and as a result of their formation the abdomen becomes greatly inflated.

This inflated appearance together Avith the peculiarity of the host are suflficient to dis-

tinguish the species in collecting, and it is a singular fact that this particular species of

fly (tSajjromyza) , even in situations where IS. dipterigena was common and E. Americana
not infrequent, never appeared to be attacked by any other Empusa. The spinose char-

acter of the spore is due to elevations of the rather thin-walled epispore only, and is thus

readily obliterated by long exposure or transformed into a roughness of the surface.

The epispore may also be easily i-emoved by pressure of the cover-glass upon it, disclos-

ing within a spherical resting spore of the usual type. The species is very nearly allied

to JS. dip)terigena, the conidia of the two being hardly sejiarable in some cases. The pa-

pilla is, as a rule, broader in E. ecMnospora and the spores seldom tend to become fusi-

form. The type also represented in figures 243-214, which is characteristic of groups

of conidia in the former species, is wholly wanting in the latter as far as I have observed.

Empusa (Entomophthora) sepulchralis nov. sp.

PL 19, figs. 306-326.

Conidia long-ovoid to long-elliptical or subfiisiform, rounded at the apex and with a

papillate base commonl}^ bent to one side; hyaline, with numerous large oil globules;

measurements 35-48 x 10-15//, maximum 15 x 55/y. Conidiophores digitate, arising from
large (60,a diam.) spherical hyphal bodies and coalescing over the body of the host in a

clear white mass. Cystidia very large (70-90,^ in diameter), slightly expanded or com-
monly becoming branched at their apices. Secondary conidia like the primary or short-

ovoid. Resting sjyores, zygospores, spherical, hyaline, 35-50/^ in diameter; formed as the

result of a SjJirogyra-Vika conjugation between two hyphae and arising by budding from
the gametes. Host attached to substratum by numerous rhizoids.

Hosts. Diptera: imagines of Tipulidae.

Habitat. North Carolina, E. Tennessee.

This fine species was collected at CuUowhee, Cranberry and Burbank from June 20
MEMOIRS BOSTON SOC. NAT. HIST., VOL IV. 26
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to Sept. 5 of the past summer (1887), occurring commonly on the largest Tipulae, which

were often found in considerable numbers adhering to wet logs or similar oljjects along

the small brooks, so constantly met with in the Carolina mountains. Localities most at-

ti'active to the Tipulidae were naturally the most productive of the Entomophthora and,

in situations where the brooks were obsti-ucted by fallen trees or roots over which they

partially flowed, a dozen or more often occurred side by side. A plentiful supply of

moistui-e seems always necessary for the development of the fungus, which is only found

on surfaces saturated with water. This circumstance results in a very luxuriant growth

of the conidiophores which makes this species the most conspicuous of any form on Dip-

tera known to me. Although the abdomen of the host is usually nai-row and not more
than a few mm. broad, the conidiophores, after bursting through the integument about

the thorax and between the segments, become confluent and spread to some distance on
either side of the body forming a clear white mass of considerable dimensions. The ef-

fect thus produced is decidedly ghost-like, especially when a number of Tipulidae are

seen in this condition beneath a shaded log, and has suggested the specific name.

The species is remarkable from its formation of true zj'gospores in a fashion similar

to that discovered by Nowakowski in his E. ovispora,E. conica and E. curvlspora. I

was unable to determine that the zygospores were formed from the same hyphae which

bear the conidia, as stated by Nowakowski in the species above mentioned, and it seems

more probable from my observations that certain of the hyphal bodies develop conjugat-

ing hyphae, while others develop conidiojjhores. I was unable to satisfy myself on this

point, since cultivation of the chlamydospores in water produced only conidia; and, in

specimens producing zygospores, the hyphae were invariably too much bi"oken up to

allow of any definite conclusion in this respect. I found no instances in which zygo-

spores alone were formed and usually the number was comparatively small. They were,

however, almost invariably present in greater or less abundance in the considei-able num-
ber of specimens examined; yet only in a small number of cases did I find them in the

early stages of formation. This is apparently due to the great rapidity of the process

after it has once begun, since, in several instances, specimens in which no zygosporic

formation was visible when first examined, contained ])erfectly formed zygospores after

the lapse of a few hours. The singularly large cystidia are very noticeable and readily

seen with the naked eye, the drop of moisture which, as a rule, they bear at their apices

giving them the appearance of conidiophores with single apical spores of unprecedented

dimensions. The species is allied to E. ovisjjora and E. conica as well as E. rJnzosjjora

with all of which it agrees exactly in the origin of its zygospores. It is perhaps most
nearly allied to E. ovispora from which, however, it differs by its much larger and dif-

ferently shaped conidia, which although subject to some variation in size and shape, es-

pecially when developed in situations where the supply of moisture is insnflScient, are

yet tolerably constant at from 40 to 50,.,. in length. The ease with which the outer wall

becomes separated in this species is noticeable in fresh material, and in several instances

I observed this phenomenon carried to such an extent that the spore proper floated free

within the inflated and spherical mother cell (fig. 321).

It should be noted that the occurrence of this species although common was decidedly

local, and in no instance did I find it in company with allied forms at even a short dis-

tance from the water.
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Empusa (Entomophthora) variabilis nov. sp.

PI. 20, figs. 327-343.

Conidia usually varyiug accordiug to the period of their discharge, those first formed

being ovoid, short and stout, Avith a papillate base and broadly rounded apex and meas-

uring about loxllu. Those formed later are much more elongate, either shaped like

a short straight club or strongly ciu'ved, and measure 18-30x7-9,7, average 25x8,«.

Conidiojphores digitate, having in the mass as a rule a distinctly olive tint. Cystidia in

small numbers, slightly tapering, larger than the conidiophores. Secondary conidia like

the primary, of two general types. Resting spores unknown. Host attached to sub-

stratum by numerous rhizoids.

Hosts. Dijjtera : minute gnats of various genera.

Habitat. IS^ortii Carolina.

I have found this small species pretty generally associated with E. conica in Carolina

especially at Cullowhee, where it occurred not uncommonly in the beds of wood-brooks
and was found by turning over stones or wet pieces of wood in these situations. It sel-

dom occurs, in any abundance in one locality, and is very difficult to find from the min-
ute size of the insects which it attacks : yet it is almost always recognizable by the olive

color of the conidiophores which, though not invariable, usually aftbrds a ready means of
separating it from other species with which it may be associated. I know no other spe-

cies in which a peculiarity in the tint of the conidiophores as a mass serves as a dis-

tinguishing character, although the occurrence of a bright green specimen has been
noted in E. sphaerosperma and E. dipterigena. In these cases, however, the colored

forms are rare exceptions. The variation of the primary conidia from short-ovoid (fig.

343) to straight or curved foi'ms several times longer than broad (figs. 329-342) is a

noticeable feature in this species, and led me at first to separate my material into two
sets which I considered distinct species. By allowing the discharge of spores to con-

tinue for a longer time I have, however, repeatedly seen the longer form replace the

shorter one, and I think there can be no doubt of their specific identity. The secondary

conidia of the second type are nowise difterent from these first formed primar}^ conidia.

The resting spores, I feel confident, I found in one instance; the insect containino- them
being associated with others bearing conidia. Tlie specimen, which has unfortunately

been lost, had produced no conidia so that I was unable to verify this opinion. From
memory I can only say that the spores were small in size, decidedly brownish and held

together by the hyphae from which they were formed. These hyphae, as in the nearly

allied E. rliizospora, seemed somewhat indurated: but they were formed internally, and
did not produce the rhizoid-like outgi'owths which characterize the last named species.

The resemblance of this form to E. curvispora should be noted, many of the sj^ores close-

ly resembling those figured by N^owakowski as belonging to this s])ecies.

Empusa (Entomophthora) rhizospora nov. sp.

PI. 20, figs. 347-348.

Conidia, in form, like a straight short club, varying to almost crescent-shaped; very

variable, tapering more or less at either extremity, the basal portion of the spore neck-like
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and bearing the rounded papilla of attaehment; contents with large fat globules; average

measurements 30-35 X 8-10//, maxinuun length 42,/. Conidiopliores digitate, coalescing

in a livid white mass over the insect. Cystidia large, not numeroiTS, slightly tapering.

Secondary conidia like the primary, or spherical with an abrupt, delicate jiai^illate base.

nesting spores, zygospores, spherical, 40-60", with brownish epispore; budding from

Sjnrogyra-Yike gametes and subsequently surrounded by rhizoid-like outgrowths which

are closely apj)lied to the spore and originate at its base. The hyphae producing zyg-

ospoi-es are always external and subsequently become thickened and horny, turning

dark chocolate browTi and holding the spores in a spongy mass. Host attached to sub-

stratum by numerous rhizoids.

Hosts. Neuroptei-a: several genera of Phryganeidae (imagines).

Habitat. Kittery, Maine ; and North Carolina.

This interesting form was first observed by me at Kittery, where I found one or two

specimens producing only resting spores, under boards or logs in swampy situations.

From the peculiarities of its spores and their external formation, 1 was inclined at first

to consider it as the type of a difierent genus; since none of these specimens were in

sufficiently good condition to demonstrate the method by which the spores were formed

and the hyphae had already become brown and indurated. In IS^orth Carolina, I found

both the conidial and the zygosporic form very common, both kinds of spores often ap-

peai'ing on the same specimen. The affected hosts were not, as in the preceding species

with which it is commonly associated, exposed in open sight; but, in accordance with the

hiding habit of the caddis flies (Phryganeidae) , were found concealed under saturated logs

or very commonly under stones, partially exposed in the bed of shallow wood streams,

or in swampy places in woods. The larvae were also common in the same situations,

but I never observed that they were attacked by the fungus.

Although a very large number of sjiecimens were examined I only found a veiy few

in which the process of conjugation was visible, and even in two instances where it had

not begun at sundown, I found it completed during the forenoon of the following day so

that its details could not be seen. The process is thus, as in the preceding species, a

very rapid one. The persistence of the hyphae, concerned in the formation of zygosjDores

and their subsequent modification, is very peculiar as compared with the evanescent

character of the hyphae which distinguishes the family in general. The utility of the

modification, together with that of the rhizoid-like outgrowths which hold the spore, is

quite apparent in this particular case; for, owing to the peculiar habits of the host, the

fungus is developed in situations such as those described, in which it is liable to be flooded

and washed away at any moment Avhen the water of the brook rises even an inch or so.

The thick elastic hyphae, under such circumstances, hold the mass of spores with great

tenacity, and the whole is fastened to the substratum by the indurated rhizoids with such

firmness that a knife is i-equired to scrape it off. It is probable that the whole collection

of zygospores, having hibernated thus, germinate in the spring, growing out into a coa-

lescent mass of conidiopliores as in the ordinary asexual type (fig. 377) ; but, although I

found specimens that, from their appearance, must have been in the brooks for several

months, no spores were observed that showed signs of germination.

The groAvth of the conidiopliores is very luxuriant, greatly exceeding the size of the
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host, and extends on either side usually so as to invert the wings, tni-ning- them upside

down (fig. 377). The color of the mass is more livid than is commonly the case in Em-
pusae and shows no variation towards a greenish hue. The conidia are very variable,

usually strongly bent, and are readily distinguished by their neck-like basal portion. The
secondaiy conidia of the second type are remarkably regular in shape (figs. 362-365),
and of a type which differs widely from that of the pi-imary spores.

A somewhat remarkable degeneration of the conidiophores was observed in, I think,

three instances. The specimens in which this occurred were noticeably different in ap-

2)earance fi-om the usual conidial form, having a milky color and not presenting the usual

appearance of luxuriant growth. On examination the white substance in these sjjeci-

mens proved to be composed of hyphae that had for the most part already broken up into

short pieces which were seen to produce at one extremity (figs. 366-367) the singular

bodies shown in figs. 368-69, of which the mass covering the insect was chiefly made up.

These bodies, which are about the size of the conidia, are almost invariably in the form of

an irregular kind of cross, the latei-al outgrowths appearing at variable distances from
the extremities of the body; but always of about the shape represented in the figures

referred to. I saw no sign of any germination in them, though I was unable to make
proper cultivations, and I cannot explain their occurrence luilcss it be due to a degener-

ation of the mass of conidiophores, which subsequently attempt to fulfil their office in

this peculiar ftxshion. The specimens occurred in the usual situations in company with

the normal type, and the cause for the degeneration, if it be such, as well as for the pecu-

liar shape of the resulting bodies is not apparent, nor have I ever seen any condition re-

motely resembling this in other Empusae.

In the formation of zygospores it should be noted that, unlike the preceding species,

the conjugating hyphae are rarely, if ever, septate near the point of union, and are very

iri-egular, running into attemaated branches. The production of a spore from each of

the gametes (fig. 369) was sometimes noticed as well as the occurrence of double spores

(fig. 373a) apparently foi-med side by side. In one instance (fig. 368) conjugation

seemed to have occurred between the apices of hyphae and not by the usual Sjjirogyra-

like method.

Empusa (Entomophthora) gracilis nov. sp.

PI. 21, figs. 379-391.

Conidia slender, subfusiform, with a neck-like papillate basal portion and attenuated

apex; strongly cui'ved, rarely sti-aight, containing large oil globules. Measurements
7-9 X 30-45//, average 40 X 8;j.. Conidiopliores digitate, coalescing over host in a white

mass. Cystidia of rare occurrence, rounded at the apex. Secondary conidia like the

pi'imary; or nearly spherical, papillate. Besting spores unknown. Host attached to

substratum by rhizoids.

Host. Diptera: on very minute gnats.

Habited. Cullowhee, N. C.

Like E. variabilis, with which it is commonly associated, this species seems to attack
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only the minutest gnats and is thus very difficult to find. A small number of specimens

were taken at CuUowhee in July at different times; but I found it in no other locality

and it is apparently very rare. The conidia are very slender and readily separated from

those of JS. conica by their fusiform shape, neok-like basal portion and constantly smaller

size, the maximum length being slightly over 45//.

The species has no interest beyond the fact that it affords a second instance of the

peculiar ^'conica" type of conidia, and I can give no information concerning the resting

spores.

Empusa (Entomophthora) conica Nowakowski.

PI. 21, figs. 392-410.

Enfomoplitliora conica, Nowakowski I.e. A; I. c. B, p. 155, plates vni and ix, figs. 1-32.

Conidia long, slender, conical, often strongly curved with a rounded papillate base

tapering to the usually blunt extremity ; 25-80 X 10-14/j. Conidiojjhores digitate, arising

as a rule directly from nearly spherical hyphal bodies and coalescing over the body of

the host in a clear white mass. Cystidia lai'ger than conidiophores, rounded at apex.

Secondary conidia like the primary or broadly ovoid, rarely pointed at the apex. Rest-

ing sj)ores, zygospores, produced by a Sjyirogyra-Yike conjugation, usually budding from

one of the gametes; sjiherical, colorless, 30-50// in diameter. Host attached to substra-

tum by numerous rhizoids.

Hosts. Diptera: imagines of Chironomns and other small gnats.

Habitat. Mt. AYashington, X. H., Xorth Carolina, Europe.

The singular shape of the conidia in this and the preceding species distinguishes them
at once from all other known Empusae although a ti-ansition from the ovoid type to this

elongate form is seen in E. sepulchndis, E. variabilis and E. i-hizospora. The exact ad-

vantage of such a shape it is difficult to understand as the spores do not seem so well

calculated to hit and adhere to a passing host as the more blunt forms. In contrast to

this elongate form the secondary conidia of the second type are extremely comjjact,

sometimes approaching those of E. Muscae in shape. The separation of the conidium

proper from the mother cell wall is very commonly seen in this as in other sjiecies which

vegetate in very moist situations, and the tendency of the sjjore contents to become more

or less contracted is often observable; the contracted portion separating itself from

the empty extremity by a cross partition (fig. 396). The conidia themselves vary consid-

erably in size and shape, in the bluntness of their apices which I have never seen as sharply

pointed as is i-epresented in Xowakowski's ]3late, and in the relative thickness of the spore

and its amount of curvature. With regard to the curvature of this and other elongate

forms, a natural explanation seems to be afforded by the deviation of the conidiophores

from a pei'pendicular position which is usually more or less considerable except in the

upper middle portion of the mass. The conidia, while in process of formation, endeavor

to correct this deviation by curving upwards thus giving rise to the strongly curved

elongate forms as well as to the abruptly bent bases so commonly seen in the ovispora

type. It is noticeable that this curvature is rarely, if ever seen in Empusae of the sphae-

rosperma type; and the reason for this is very evident in view of the peculiar mode of
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growth, already described in the last-named species, which characterizes the mass of co-

iiidiophores as a whole, and allows the basidia to assume a vertical position which is

impossible in the rounded masses of the usual type.

In material of this species, where the growth of conidiophores has not been luxuri-

ant, the form of the conidia may be constantly such as is represented in figures 403-

404; in fact the majority of the specimens obtained from Mt. Washington produced

spores of this nature. The affected hosts occurred in this locality on moss along the

borders of small brooks in the Alpine Garden, and only when the moss was completely

saturated with water, allowing an aljundant growth of conidiophores, were the spores

of the usual elongate type. I have thought this worthy of mention, since the small

form might readily be taten for a distinct species. Although occurring in considerable

quantities on Mt. Washington, the species is somewhat rare in IS^orth Carolina where it

is found in company with E. variabilis on saturated wood or stones in the beds of brooks

flowing through woods. It may be readily distinguished from the last-named species by
the clear white color of the mass of conidiophores.

The resting spores I have found in but few specimens, produced simultaneously with

the conidia by a process exactly similar to that described in E. sepulcJiralis.

This completes the enumeration of American Emjnisae at pi-esent known, and for con-

venience of reference I have added below a list of the European species which are

unrecorded from this countiy.

European species of Empusa as yet UNPtECORDED from the United States.

Enipusa Jassi, Cohn 1. c. B, p. 77. Sorokin I. c. C, p. 239. Schroeter I. c, p. 222.

This form, of which no complete description has ever been published, is referred to by
Cohn (L e.B, pp. 76-77) in connection with his account of Tarichium megaspermum.
In this place he mentions that the spores are spherical and 20,u in diametei-, but gives no

siJecific name to the form, which, he states, occurs on Jassus 6-notatus. Where the name
Jassi fii'st originated I am unable to say, and the species cannot be recognized without

further information regarding it. It may prove to be the species previously described as

E. apiculata which has many hosts, and it forms another element of confusion in the

group comprising E. conglomerata, E. Planchoniana, E. apiculata, E. Jassi and per-

haps E. Tenthredinis. I quote below the note of Schroeter in his Silesian flora concern-

ing this species.

" 330. Empusa Jassi, Cohn, 1870. Mycel im Korper von Cicaden lebend, an den

todten Thieren als sammetartiger, weisser Schimmeliiberzug hervorbrechend. Conidieu

kugelig, 20// Dchm.
Auf Jassus sex-nofatus Mai, Juni.—Die todten Thiere haften den Grashalmen u. s. w.

fest an, die vier Fliigel wie zum Fluge ausgespreizt.—Breslau Sehneitig 1809 in grosse

Menge."

EntomojMlwra colorata Sorokin,?. c. C, p. 215, figs. 573, 623, 627; I. c. D, p. 62, PI. iii,

figs. 5-6, 19-27, PI. IV, figs. 28, 28'.
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This species Avhich is said to occur on grasshoi:)pers seems to be peculiar from its col-

ored conidial spores which, according to Sorokin, are reddish brown, round and resemble

those of E. Muscae except in color. The protoj^lasm from the basidium is discharged

Avith the spore. Sorokin states that it closely resembles E. Grylli, differing, however,

by its round and colored conidia. It is in this species that Sorokin has observed pecidiar

amoeboid bodies Avithin the host AA^hich produce resting spores laterally or terminally.

For some further account of this species a rcA^eAV of Sorokin' may be found in Just's

Bot. Jahresbericht (1881), p. 292, by Batalin.

Entomoipldhora Tipulae, Fresenius I. c, B p. 206, figs. 46-50. Sorokin I. c. C, p. 211,

fig. 651.

I find no mention of the occiuTence of this species since it Avas described and figured

by Fresenius. The conidia are described as ovoid, Avith a short, broad, rounded, pro-

jecting base ; measuring 33-40/^ in length. The figures represent a broad almost truncate

base and OA'oid body Avhich gives the spore a characteristic outline. The species was

found on a large Tipala Avhich was Avingless and adhering to a rush. The mass of spores

and hyphae had a greenish brown color. The form should be readily recognized by the

large size and peculiar shape of its spores, yet I have seen nothing like it on similar hosts

in this country.

Entomopldhora CcdJIpliorae, Giard I. c.

EntomopMhora musclvora (E. Calliphorae Giard?), Schroeter I. c, p. 223.

The species described by Giard on large flies {CalUpliord) can, I think, hardly be dis-

tinct from the E. muscivora of Schroeter since the rare peculiarity of a deep chestnut-

broAvn (marron fonce) resting spore, the measurements of which are the same (30/i in

Calliphorae and 24-28/^ in muscivora) is common to both. The hosts and habit corre-

spond in the tAVO forms, E. muscivora differing only in the fjiet that its conidia are also

described, AAdiile in E. Calliphorae they Avere not observed. Schroeter descril^es the co-

nidia of his species as ovoid, with a blunt papilla; 20-24/i long by 11-13/jr. broad. On large

flies which are attached by numerous rhizoids. The conidia are slightly smaller than in

the form that I have described as E. Amei-icana from which it is separated by the pecu-

liarity of the resting spores.

Entomojyhihora ovispora, NowakoAVski I. c. A; I. c, B, p. 160, figs. 33-58. Sorokin l. c.

C, p. 235.

The conidia of this species almost exactly resemble those of ^. echinosjjora and jE^. Amer-

icana, being somewhat long-ovoid with papillate base and rounded apex. Like E. Amer-

icana they contain numerous small oil gloliules of very regular size ; but the species is

at once separated from either of the forms just mentioned by its peculiar cystidia which

are \'ery large, resembling those of ^. sepidchralis (fig. 306). The conidia measure from

22/y. to 28/y. in length by 14/y. in breadth. The resting spores are zs^gospores produced by

a Spirogyra-\ike conjugation and are of the usual type, 31//. in diameter. The species

occurs on flies: Lonchaea vaginalis, Syrpliidae, Sapromyza, etc., and is found in Avet

situations on damp groimd, planks, etc.

' I. c. D.
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Entomophthora curvispora, Nowakowski I. c. A; I. c. B, p. 1G3, figs. 68-70. Sorokin I. c.

C, p. 233.

Under this name Nowakowski has described a form pecuUar for its strongly curved

conidia, which are elongate, rounded at both exti'emities and measure 10-1o,a x 25-40/^.

They resemble the curved forms occurring in E. varlahilis, but are broader and more
rounded basally and much larger. The secondary conidia are represented as pei-fecti}'

spherical. The resting spores are true zygospores produced by a Spirogyra-Vike conjn-

gation; and of the usual foi'm. The species is parasitic upon Simulia latipes, a small fly.

TaricJiium megaspermmn, Cohn I. c. B. Sorokin, l. c. C, p. 235, figs. 600-602, 598, 599,

635-636. Schroeter I. c, p. 223.

This species is known only from its resting spores, which have been thoroughly de-

scribed and figured by Cohn, and is parasitic upon the larvae of Agrotis segetum which
are turned black by the disease. The resting spores are apparently azygospores borne

laterally or terminally from hyphae and are pecnliar on acconut of their dark brown
epispore which is marked by sinuous furrows. The epispore is also frequently opaque
showing no furrows. The spores are spherical and of large size measuring from 34/^ to

55/j, average 50/... The figures given by Sorokin are copied from Cohn's plates and the

species has not, I believe, been noticed since its original desci-iption. It should ha noted

that E. virescens occurs in America on a similar host and may prove to be identical with

this species.

Entomoj)htliora Phnjganeae, Sorokin I. c. C, 239, figs. 578, 628 a,h.

Sorokin figures as characteristic of this species a long clavate body with a rhizoid-like

basal portion and a terminal round spore with a prominent rather narrow base of attach-

ment. In his text he states that the fungus was found on Phryganea grandis (Jnne 26,

1881), growing only on the lower surfiice (betAveen the first and second pair of legs as

indicated in the fignre) being wholly superficial and not appearing within tlie body of the

host. The hyphae consist of two portions separated by a septum. The conidia are round
8x6-7/^, the hyphae being 5,a in breadth. The rhizoid-like basal expansion (by which the

hypha is apparently attached) is said to be characteristic. It is scarcely necessary to

remark that this can hardly be an Empusa and its position even among the Entomoph-
thoreae seems very doubtful.

Sorokin remarks concerning this and the succeeding form, that he cannot vouch for

their distinctness from lack of material.

Entomophthora jjellicidosa, Sorokin I. c. C, p. 240, fig. 629.

Under this name Sorokin describes an Einjmsa Loiind on a ^^&ower&y," AntJiomyla
pagana.

" The parasite resembles the ordinary E. Muscae, but the discharged conidia have the

strange peculiarity of being covered with sevei-al layers concentrically distri]:)uted, as

if a drop of protoplasm discharged simultaneously with the conidia had dried at several

different intervals forming each time something in the shape of an envelope. This char-

acteristic is so constant fiiat all the conidia scattered along the substratum were sur-

MEMOIRS BOSTON SOC. NAT. HIST., VOL. IV. 27
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rounded by sharply defined concentric lines." The figure represents a spore of the

Grijlli type which bears little resemblance to that of TS. Muscae, so that any determina-

tion based upon the figui'c and description is not possible.

TaricMa tivella, Krassilstchik I. c, p. 95.

Under this name Krassilstchik has described a fungus, growing in coleopterous lar-

vae, which is characterized by the production of a mass of brick-red " Taricliiuni''' spores

produced by a process not observed, and cohering in small, grape-like clusters as indi-

cated by the specific name. The spores are described as round, papillate, 8-10/^ in di-

ameter, surrounded by a wall of no great thickness. In a nutritive fluid they germinated

in four days, producing septate hyphae which after a week grew out of the culture fluid

and produced single, terminal, cylindrical, colorless spores, 9 X 3//.

This does not appear to be an Empusa from the course of development described, al-

though it might possibly be related to 31assospora. Concerning this, it is, however, im-

possible to judge without figures or more detailed information concerning the species.-'

MaSSOSPORA Peck.

Massospora cicadina, Peck Z. c, p. 44. Leidy, Proc. Acad. N'at. Sci., Phil. Vol. x, p. 235

(no name).

Comdia{?) produced from short hyphae or hyphal bodies, tvithm the host; nearly spher-

ical to ovoid, tapering towards a small basal papilla of attachment; smooth or papillate-

verrucose, 10 X 18,a-18 X 25,^, forming a yellowish mass in the abdominal cavity ex-

posed as a coherent mass by the falling away of the abdominal rings. Resting spores (?)

spherical, roughly i-eticulated, slightly colored, 38-50/^ in diameter (Peck). Host not

attached to substratum.

Hosts. Ilemiptera: larvae, pupae and imagines of Cicada septendecem.

Hahitat. New York, Kew Jersey, Washington, D. C, Illinois, Michigan, Texas.

This singular form should, I think, imdoiibtedly be placed among the EntomopMhoreae,

although it is decidedly anomalous in some respects. Professor Peck is inclined to place

it near Protomyces among the Coniomycetes ; owing perhaps to the fact that the origin

of the spore mass from the characteristic entomophthoroid bodies (figs. 415-419) was

not apparent in the types. Whether these spores which fill the whole abdominal cavity

are morphologically similar to the conidia of Empusae, or are a kind of azygospore or

chlamydospore I am unable to say, having examined only dried material in which it

was, of course, impossible to discover the exact process of formation and separation.

Their general appeai'ance is certainly that of conidia; yet, unless a columella can be

demonstrated in connection with their formation they must be regarded as of a difierent

' Enlomophthora AnisopUae of Metschuikoff (Zeitschr. d. of Basidiomycetes which lie calls Metarhi~Aum. The names

Kaiserl. Landvvirth, Gesell. f. Neiinissland, Odessa, 1879, E. jiiaccospora (De Bary Vergl. Morphol. d. Pilze) and E.

pp. 21-50, with plate), which attacks coleoptei-oiis larvae, muscarina (Comptes Rendiis, Vol. 89, p. 750) are appar-

is perhaps an Isaria, the spores measuring 4.8 X l.e**. It is eutly printers' errors,

placed by Sorokin (I. c. C, p. 268) as belonging to a genus
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mtiive. Of these spores there are two kinds usually to be seen in preparations: a larger

form nearly resembling an Enqnisa conidium and possessing a perfectly smooth outer

wall (fi<^s 421-423) ; and a second form, thicker walled, smaller, distinctly papillate in

most instances, but produced similarly from hyphal bodies (figs. 421-428)
.

The devel-

opment of these spores after formation is wholly unknown, although there can be little

doubt that they furnish the immediate means of spreading the disease. It should be

noted that the anterior portion of the host's body is wholly free from fungus in the spec-

imens which I have examined. The host may thus live for a considerable time after the

abdominal rings have begun to fall away and in this manner disseminate the spores by its

own movemeirts. That this is the fact seems certain from the observations of Professor

French who writes me that he has seen both larvae and imagos of the locust moving

about at Carbondale, 111., in the condition just described. The probable development of

the spores after falUng from the host may be inferred from analogy with Empusae gen-

erally and would naturally consist in the production of secondary conidia discharged as

in' Empusae, and affording the direct means of infection. The smaller type of spore

from the considerable thickness of its walls is manifestly adapted to await uninjured the

occurrence of conditions favorable to its germination and the hypothetical course of de-

velopment given above would thus result in a dissemination perhaps quite as effectual as

in the usual course adopted by Empusae.
., -, . -r, i

I have included as " resting spores " a second type of spore described by Peck as oc-

ciu-rino- in certain individuals, although never having seen these spores I am unable to

determine whether I am right in so doing. The description quoted gives no note of

either their shape or origin, so that I am only justified in considering them resting spores

from their analogy to similar spores in j;/»^jwsa.
, ^ ,, . i p .i r .

The distribution of the species is apparently wide, and a further study of the facts

connected with its history and development should be full of interest. Whether the fun-

gus is adapted to a subterranean existence, attacking the larvae during their seventeen

years of existence and thus appearing subsequently on the fully developed host, or whethei-

it is continued for this long period by resting spores (a supposition highly improbable),

or by the infection of isolated specimens of the same or nearly allied hosts which continue

the infection during this period, is quite uncertain. It is apparently liable to appear

wherever the Cicada is known, as shown by the localities above mentioned. I am m-

debted to the kindness of Mr. L. O. Howard for specimens received from Michigan which,

together with an example in Dr. Farlow's herbarium from Texas are the only specimens

wliich I have examined.^

BaSIDIOBOLUS Eidam (1885).

Basidiobolus Ranarmn, Eidam I. c. Schroeter Z. c, p. 224.

Conidia nearly spherical to subovoid, tapering slightly to a rounded base fi'om which

the small sharply pointed papilla of attachment projects abruptly. Average measurements

. The above was iu press before the author had seen the in which he places the present genus among the Ento-

excellent summary of contagious insect diseases by Prof. mophthoreae.

S. A. Forbes (Psyche, Vol. v, pp. 3-12, Cambridge (1888)),
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37 X 40,a-40 X 4:5/1. Conklioplwres arising from single cells of hyphae, simple, much swol-

len terminally, this swelling developing into a pecnliar piece, the basidinm, which is dis-

charged with the spore. Secondary conidta like the pi-imaiy, sometimes produced on a

cajjillary conidiophore. Resting spores, zygospores, spherical, with an irregularly pitted

or folded epispore; 25^5 /' in diameter; pale orange yellow or nearly colorless, sometimes

opaque from a dark brown incrustation of the epispore; produced by the conjugation of

two adjacent cells of a hypha, or of two conidial spores, through the absorption of the in-

tervening cross partition ; the union being preceded by the appearance of two finger-like

projections, one from either cell, which are applied to one another and, becoming septate

near their tips, persist as appendages to the mature sjiore.

On the excrement of frogs.

Ilahitat. Cambridge, Mass.; Europe.

Beyond the hitherto unrecorded occuri-ence, in America, of this most interesting foi-m,

I have nothing new to add to the admirable monogi-aph of Eidam above cited. The
fungus appeared on the excrement of frogs kept in the biological laboi-atory at Cam-
bridge for purposes of dissection, and was obtained by filtering the water in which the

frogs were kept and placing the sediment in a tin box. I was unable at the time to make
artificial cultivations of the spores, by means of which the studies of Eidam were carried

out, and the figui-es given on i)late 21 are derived from specimens growing on the nat-

ural substratum of the fungus. It is probably for this reason that the production of zyg-

ospores seems to vary slightly from that described by Eidam, in that they appear to be

formed near the bi-anched extremities of very large and sparingly septate hyphae. The
early stages ofthe process I did not observe, and for a complete morphological history of

the species the beautiful plates of Eidam should be consulted.

LIST OF PAPERS CONSULTED.

American.

AiniiUR, J. C. A. On a new larvae Entomophthora. Bot. Gazette, Vol. xi, p. 14 (1886), with plate.

B. Entomophthora rhytonomi in Bull. N. Y. Agr. Exp. Station, Jan., 1886, with cnt.

Bessky, C. E. a new species of insect-destroying fungus. Amer. Naturalist, Vol. xvii, pp. 1280 and 1286 (Dec, 1883).

Peck, C. H. Massospora cieadina n. g. et sp. 31st Rep. of State Botanist of N. Y., p. 44 (1870).

In addition to the al30ve one or two catalogue references to E. Muscae and E. Calopteni.

European.

Bail. Ueljer Pilzcpizootien der forstverheerenden Raupen. Schriften der naturforsehenden Gesellschaft zu Danzig, neue
Folge, Band ii. Heft 2, Danzig (1869).

BuAUN, A. Aigarum unicellularuni genera nova et minus cognita. Leipsic (1855), p. 105.

BREfELD, O. A. Entwickelungsgeschichte der Empusa Muscae und Empusa radicans. Botanische Zeitung, xxvm, pp. 177
and 161 (1870).

B. Uiitersucliuiigen ueberdie Entwicklung der Empusa Muscae nm\E. radicans. Abhandlung der Naturforseh-
enden Ge.sellschaft zu Halle, Bd. xii, Heft 1, p. 1 (1871). Plates.

C. Ueber die Entomophthoreen und ihre Verwandteu. Botanische Zeitung, xxxv, pp. 345 and 368 (1877).

D. Entomophthora radicans. Botanische Untersuchungen ueber Schlminelpilze, Heft iv, p. 97, Leipzig (1881).
Plate.

B. Conidiohohis utriculosus und C. minor. Botanische Untersuchungen ueber Schimmelpiize, Heft vi, p. 35,
Leipzig (1884). Plates.



ENTOMOPHTHOREAE OF THE UNITED STATES. 193

COHNiF. A. Empusa 3Iuscae \md (V\e Kraiikheit der Stubenfliegen. Nova Acta Academiae Caesareae Leopoldino- Carol-
oliiiae Germanicae Naturae ciiriosorum, xxv, Abh. 1, p. 301, Dresden (1855). Plates.

B. Ueber eiiie iieue Pilzkraukheit der Erdraupen. Beitrage zur Biologic der Pflanzen, Band i, Heft 1, p. 58;

(1875). Plates.

CouNU, M. A. Note sur une nouvelle espfece A'Entomophthora. BuUetiu de la Socifitfi Botanlque de France, xx, p. 189,

Paris (1873).

B. Epiilfiiuie causae sur des Dipteres du genre Si/rphus par un champignon Entomophthora (Cornu et Brongniart)
Association Francaise pour rAvancemuut des Sciences, Cougres de Paris, p. 4; August (1878).

EiDAM, E. Basidiobolus, eine nene Gattung der Entomoplithoraceen. Beitrage zur Biologic der Pflanzen, Band IV, Heft 2,

p. 181, Breslau (188G). Plates.

Fkesknius, G. a. Notiz, Insekten-Pilze betreffend. Botanisclie Zeitung, Band xiv, p. 882 (1856).

B. Ueberdle Pilzgattung JS'jitomop/iWioca. Abliandlungen der Seukenbergisclien naturforschenden Gescllschaft,

Band ii, Lieferung 2, p. 201, Frankfurt (1858). Plate.

FitiKS, E. Sporendunema Muscae. Systema luycologicum, Band in, p. 435, Grypliiswaldae (1829).

GiARD, A. Deux especes d'Entomophthora nouveaux pour la flore de France. Bulletin Scientiflque du dfipartement du
Nord, Sfirie 2, deuxifeme annee. No. 11, p. 3.53, Lisle.

KitAssiLSTScniK, I. On diseases of insects caused by vegetable parasites. Mfimoires de la SociStS des Naturalistes de la

nouvelle Russie, Vol. xi, part 1, p. 75. Odessa (1886). {In Russiaii.}
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Figs. 131-131. Showing this bud in several successive stages of development.

Figs. 135-13G. Tlie bud lias become tlie mother cell of a zygospore while the two hyphal bodies remain attached as

bladders which contain certain fatty bodies.

Fig. 137. A mature zygospore lying free in its mother cell, the walls having been separated through the absorption

of water.

Fig. 138. A small zygospore to which the ragged remnants of the hyphal bodies are still attached as in the previous

figure.

Figs. 139-140. Zygospores from which the remnants of the hyphal bodies have wholly disappeared, a remnant of the

gametes still adhering to fig. 140.

Empusa (Triplosporium) lageniformis n. s., figs. 141-160.

*Fig. 141. Young conidiophores of a digitate type seldom seen in this species. All the figures are from Aphides on

white birch (B. popiiUMia).

*Fig. 142. Conidiophores of the usual type.

Fig. 143. A primary conidium of the usual type germinating to produce a secondary conidium of the first type.

Figs. 144-145. Hyphal bodies germinating to form conidiophores.

Figs. 146-154. Primary conidia.

Fig. 155. A primary conidium has produced a capillary conidiophore, the apex of which has begun to swell into a

secondary conidium of the second type.

Figs. 156-157. Two primary conidia have produced capillary conidiophores upon which are borne mature secondary co-

nidia of the second type.

Figs. 158-160. Three secondary conidia of the second type in different stages of germination.

PLATE 17.

Empusa (Entomophthora) Lampyridarum n. s., figs. lGl-173.

Fig. 161. Conidiophores of a simple type. The type of the species is however probably compound.

Figs. 162-166. Primary conidia.

Figs. 167-171. Secondary conidia of the second type.

Fig. 168. A secondary conidium of the second type has produced a capillary conidiophore the apex of which is be-

coming swollen into a tertiary conidium of the same type.

Fi^s. 169-170. Two primary conidia bearing mature secondary conidia of the second type on capillary conidiophores.

Fi". 172. Appearance of host, Chauliognathus Pensylvanicus, attacked by this species.

Empusa (Entomophthora) geometralis n. s., figs. 173-178.

Fi". 173. Eiipithecia attached to a pine needle by haustoria before death.

Fig. 174. TItera similarly attached showing position of conidiophores.

Fig. 175. Group of primary conidia.

Fi^s. 176-177. Two primary conidia producing secondary conidia of the second type on capillary conidiophores.

Fig. 178. Two secondary conidia of the second type.

Empusa (Entomophthora) oecidentalis n. s., figs. 179-199.

Rhizoid with irregularly expanded extremity.

Digitate conidiophore.

Basidiura and conidium before discharge.

Primary conidia with fat globules.

Primary conidia of the usual appearance. Figs. 183 and 185 are more distinctive of the species.

Primary conidium which has germinated to produce a secondary conidium of the first type.

Primary conidium which has produced a capillary conidiophore on which is borne a mature secondary

conidium of the second type.

Primary conidium germinating as in the last figure: the secondary conidium being immature.

Secondary conidium of the second type.

Secondary conidium of the second type in process of germination.

Mature resting spore.

Figs. 196-199. Formation of resting spores by a possible sexual process.

Empusa (Entomophthora) sphaorosperma, figs. 200-219.

Fig. 200. Culias attacked by the fungus.

Fig. 201. A small hymenopterous insect similarly attacked.

*Fig. 202. A compound conidiophore.

•Fig.
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Fig. 381. Secondary conidium of the second type.

Figs. 382-391. Primary conidia.

Empusa (Entomophthora) eonica, Nowaliowski, figs. 392-408.

*Fig. 392. Conidiopliore originating from spherical hyphal body.

Fig. 393. Cystidium.

Figs. 394-402. Primary conidia.

Figs. 403-404. Primary conidia produced in dryer situations.

Fig. 405. Production of secondary conidium of the first type.

Figs. 406-407. Secondary conidia of the second type.

Fig. 408. Production of secondary conidium of the second type.

*Fig. 409. Production of a zygospore by Spirogyra-Uke conjugation.

Basidiobolus Ranarum, Eidam, flgs. 140-144.

Fig. 410. Conidiophore with conidium budding from its apex.

Fig. 411. Conidium still connected with the basidium.

Fig. 412. Tlie basidium (a) separated from the conidium.

Figs. 413-414. Zygospores in diflerent stages of development with the " nabel" (a,a), persistent.

Massospora eicadina, Peclc, flgs. 415-429.

Figs. 415-417. Hyphal bodies.

Figs. 418- 420. Production of spores from hyphal bodies.

Figs. 421-423. Spores of the larger and smooth type.

Figs. 424-428. Spores of the usual type.

Fig. 429. One of the same spores seen in optical section,
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Note.—The present investigation was carried on in the Cryptogaraic laboratory of Harvard University and was pre-

sented as a graduating thesis May 1, 1888.
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INDEX or GENEKA AND SPECIES.

Appendicularia eiitomophila, 135.
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E. Americana, 179.
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E. aulicae, 159.
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E. Calopteni, 159.

E. colorata, 187.

E. congiomerata, 162.

E. conica, 153, 186.

E. Culicis, 157.

E. curvispora, 153.

E. dipterigena, 177.

K. echinospora, 180.

E. geometralis, 170.

E. gracilis, 185.

E. Grylli, 159.

E. Jassi, 187.

E. Lampyridarum, 169.

E. montana, 180.

E. Muscae, 155.

E. muscivora, 188.

E. occidentalis, 171.

E. ovispora, 153, 188.

E. Pianclioniana, 165.

E. pelliculosa, 189.

E. Phrygaueae, 189.

E. radicans, 153, 172.

E. rimosa, 177.

E. sepulcliralis, 181.
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E. Tentliredinis, 162.

E. Tipnlae, 188.

E. variabilis, 183.
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Isaria, 136, 190.

Laboulbenia, 135.

Lamia, 153.

L. Culicis, 157, 153.

Massospora, 137, 139, 190.

M. cicadina, 190.

Metarliigium, 190.

Myiopliyton, 154.

M. Colmii, 155.

Penicilliuni, 136.

Piptoceplialis, 149.

Protoniyces, 190.

Saccliaromyces, 154.

Saproleguia minor, 157.

Sporendouema, 154.

S. Muscae, 155.

Tarichium, 139, 149.

T. Apliidis, 175.

T. megaspermum, 189, 187.

T. spliaerospermum, 172.

T. uvella, 190.

Triplosporium, 152.

T. Fresenii, 167.

T. lageniformis, 169.
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INDEX or HOST-DSrSEOTS.

Acridiaiis, 159.

Agiotis fennica, 178.

A. segetum, 189.

Anthomyia, 156.

A. pagaua, 189.

Aphides, 165, 168, 169, 171.

Aphis, 172.

A. niali, 1G8.

Arctiaiis, 159.

Bug, 177.

Calliphora vomitoria, 155, 188.

Caloptenus, 160.

Ceuthophilus, 159, 102.

Chauliognathus Pensylvanicus, 170.

Chironomus, 180, 186.

Cicada septendecem, 190.

Coleoptera, 170, 172, 190.

Colias philodice, 172, 174.

Coriseae, 177.

Culex, 158, 163.

Culicidae, 172.

Deltoid moth, 164.

Dlptera, 155, 158, 159, 163, 164, 166, 167, 172, 180, 181.

Eupithecia, 171.

Flies, 155, 158, 164, 179, 188.

Gnats, 158, 164, 166, 185, 186.

Grasshoppers, 159, 188.

Halictus, 172.

Hemiptera, 164, 165, 168, 169, 171, 175.

Hyphantria textor, 159, 160, 164, 165.

Hyraenoptera, 162, 172.

Ichueuraonidae, 172.

Jassus 6-notatus, 187.

Lampyridae, 170, 172.

Lepidoptera, 159, 164, 171, 172, 178.

Limnophilns, 172.

Louchaea vaginalis, 188.

Lucilia Caesar, 155, 179.

Musca, 155, 172.

M. domestica, 155, 172.

M. vomitoria, 179.

Mycetophelidae", 172, 177.

Neuroptera, 172.

Orgyia nova, 159, 161.

Orthoptera, 159.

Petrophora, 164, 171.

Phryganea grandis, 189.

Phryganeidae, 184.

Phytononius punctatus, 172, 173.

Pieris, 172, 174.

Ptilodactyla serricollis, 164.

Pyrrharctia Isabella, 160.

Sapromyza, 188.

S. longipeuuis, 180.

Simulium molestum, 158.

S. latipes, 189.

Spilosoma virgiuica, 169.

Syrphidae, 155, 188.

Syrphus, 156.

Teuthredo, 162.

Thera, 171.

Thripidae, 172.

Thrips, 172, 174.

Tipulidae, 159, 172, 181.

Tipula, 161, 163, 167, 177, 188.

Tortrix, 164.

Typhlocyba (mali et rosae), 164, 172, 173.

EKKATA.

Pa"-e 142, line 11 and p. 143, line 6; for apiculatus read apiculata.

Page 153, line 11, after conim insert radicalism-

Paae 141 3d line from bottom, for condition read - conditions.

Pafe m, lines 6 and 9 and p. 174, line 26, for Krasilstchik read- Krassdstch.k.

Page 166, line 10, after separation insert — is.

Page 190, line 4, for Tarichia reaA—TaricMum.

Page 192, line 27, for larvae read —larval.

Page 200, for Metarhigium read — Metarhizium.

Plate XV, for var. apiculata read — apiculata.





VII. The Flora of the Kurile Islatstds.

By K. MiYABE.

Introduction.

s.

General Remarks.

;0 far as I am aware, no special work devoted to the flora of the Kurile Islands has ever been pub-

lished. The glimpses we could get of its character have chiefly been from the scattered writings

of Russian botanists. In his " Flora Rossica," Ledebour attributes about forty species to these

islands. Before his time, Pallas,' Georgi,- Turczaniuow,' Chamisso and Schlechtendal,* De Can-

dolle* and Ruprecht,^ referred occasionally in their writings to the Kurile plants. Most of these

plants, however, were included by Ledebour in his "Flora."

Since the appearance of that important work, many additions have been made to our knowledge

of the Kurile vegetation by Regel,^ Maximowicz,* Herder,' Fr. Schmidt,'" Siebold," Boott,'- and

others.'^ The total number of plants of these islands known to me from the writings of these authors

is 104 species.

The materials on which most of these references were based had been collected by the Russian

naturalists and naval officers in the northern Kuriles, as far south as Urup, and are now incorporated

chiefly in the herbaria of St. Petersburg. Prof. Maximowicz, who has noted every Kurile plant he

has come across in tliese herbaria since 1868, most generously placed his valuable list in my hands

•Pallas, p. S. ; Neiie Nordische Beitrage, Vol. iv, pp. 112-

141. St. Petersburg & Leipzig, 1783. Flora Rossica,

Tom. I, pars 1, 2. Peteropoli, 1784-1788. Species As-

tragalorum. Lipsise, 1800.

'Georgi, J.T. ; Geograpliisch-physikalische unci naturli.

Beschreibung ties Russ. Reiclies. 3ten Theils 4ter Band,

pp. 609-1072. Konigsberg, 1800. Nachtriige fur dessen

Geog., etc., 1802.

'Tnrczaninow, N. ; Description de deux nouveaux
genres de la faniilie des Gentianfies. Observations sur

quelques genres et espfeces de la familie de Borraginees.

Decades quatuor plantarum luicusque non descripta-

rura, Siljiriae maxinie orientalis, etc. (Bulletin de laSoc.

des Natur. de Mosc, 1840.)
• Cliamisso, Ad de, and Sclilechtendal, D. d. ; De plantis

iu expeditione speculatoria Romanzofflana oljservatis. (In

Linnfea, in (1828), p. 38, vi (1831), p. 574, on tlie plants

in Herb. Willd.)

^ In the "Systema" and "I'rodromus," based mostly on

the specimens in Herb. Fisch.

^Ruprecht, F. J. ; Distributio Cryptogamarum Vascula-

riuin in Iniperio Rossico (Beitnige zur Pflanzenkunde des

Russ. Reiches. Dritte Lief. St. Petersburg, 1845).

'Regel, E. ; Uebersicht der Arten der Gattung Thalic-

trum, welche im ru.ssischen Rciche und der Angriinzenden

Laudern wachsen. Moskau, 1801. Regel & Tiling, H.

;

MEMOniS BOSroN SOC. NAT. HIST., VOL. IV. 29

Florula Ajanensis. Mosquae, 1859. Regel; Plantae

Raddeanae, Vol. i, 1861-2.

'Maximowicz, C. J. ; Priraitiae Florae Amurensis. St.

Petersb., 1859. Diagnoses plantarum novaruni Ja-

poneae et Mandshuriae (Melanges biologiques tirfis du

Bull, de I'Acad. imp. des Sciences de St. PStersbourg, Tom.
VIII, IX, 1872-1876). Diagnoses plantarum novarura

Asiaticarum (M61. biol., ix-xii, 1876-1888). Rhodo-

dendreae Asiae Orientalis (Mem. de I'Acad. imp. St.

Petersb., 7e s&v., t. xvi, n. 9) 1870. Adnotatioues de

Spirteaceis (Acta H. Petrop. Tom. vi) 1879.

'Herder, F. von ; Plantae Raddeanae, Vol. nr, IV, 1864-

1887.

'"Schmidt, Fr. ; Flora Sachalinensis, in Reisen im Amur-
laude und auf der Insel Sachalin (M6m. Acad. imp. St.

P6tersb., 7e Ser., t. xii, n. 2) 1868.

"Siebold et Zuccarini ; Flora Japonica. Lugd. Bot.

1835-1870.

'-Boott, F. ; Illustrations of the Genus Carex. 4 vols.

1858-1807.

'^Many references to the Kurile plants are found in some
of the recent monographs, as Haussknecht on Epilobium,

Elwes on Lilium, Bunge on Oxytropis, Masters on Japan-

ese Conifers, etc. In Turczaniuow's Flora Baicalensis-

Dahurica, about half a dozen references occur.

(203)
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with full consent that it should be published with my own. The list contains one hundred and nine

species, of which thirty-eight have not yet been recorded as growing in these islands, in any publi-

cations with wliich I am acquainted.

Tlie first naturalists who visited the Kurilc Islands were G. W. Steller and S. P. Krascheninni-

kof. They crossed over from Kamtschalkii about 1740, either together or separately, and collected

in the islands of Shunishu and Paramushir.' Of their botanical collections, the larger part was

worked over and published by Palhis. Some of their sea-weed collections are mentioned in S. T.

Gmelin's Historia Fucornm.^

In 1788, Merk, a doctor in Irkutsk, who accompanied, as naturalist, the expedition to the Noilhern

Pacific under Comm. Billings, made collections in some of the northern Kuriles. Of his collections,

a i)art is still preserved in the Fischer Herbarium, and also in the Willdenow Herbarium. They were

made known chiefly by the labors of Pallas and Rudolph. The results of the study of the latter

were pul)lished in the writings of Georgi.'*

Langsdorfl' under Krusenstern (1803.-1806), and Chamisso under Kotzcbue (1815-1818) seem also

to have made brief visits to some of the noi'thcrn Kuriles during their ciuise in the N. Pacific*

Most of the later collectors were officers of the Russian surveying ships. In 1833, Baron Wrangell

visited Urup and made some collections of its plants. These specimens ni-e now iu the Herbarium

of the Academy in St. Petersbuig. The onl}' collector who made a pr<donged tour among these

islands, collecting plants on Shumshu, Paranuishir and Uru[), was Vosnesenski, the late cuiatorof the

Zoological Museum of the Academy, in 1844. '^

Orloff, a Russian naval officer, who is better known as a collector in the northeastern part of

Manchuria, 1849-1850, collected also in the Kuriles.'^

It nnist be borne in mind that, on account of strong currents, dense fogs and want of harbors (es-

pecially in the northern Kuriles), navigation among these islands is rendered very dangerous, and

landing on their shores almost impossible, unless favored with inuisually calm weather. Therefore the

visits of these collectors were generally limited to a few hours, or, at most, to a day, at one place.

Under such unfavorable physical conditions, it is not surprising that iu spite of the zeal of many of

the collectors who have visited these uninviting shores, we have after all comparatively little knowl-

edge of the vegetation of these islands.

In the sunmier of 1884, while I was tiavclling on the norllieastern coast of Yezo, an unexpected

opportunity for visiting some of the southern Kniiles was ofl'ered me. When I reached the harbor

of JVcmuro on the 27th of July, I i'ound a small steamer on the point of starting for Sliikotan, Etorofu,

and Urup. With scarcely any time for necessary prei)aration, I went on board the Kyorin-maru ac-

comi)anied by Mr. N. Kindaichi, the head-gardener of the Botanic Garden of Sapporo Agricultural

College, who greatly assisted me in collecting plants during the whole trip. About noon of the next

day we were at the Shakotan harbor on the northciii coast of the island of Sliikotan. In this place

we collected most assiduously for two hours and a half. The next day, a little before noon, we reached

a small fishing cove on the northern coast of Etorofu, called Furubetsu. Fioni tliat place we started

at once on foot for Sliana, another fishing station situated on the same side of the coast about twenty

miles distant, and the best harbor of the whole island. The country which we passed through during

'ICrascheniiinikof, S. P. ; The History of I^iimtsclialk.iand Linniea, vi, p. 574. Gcorgi, Bcsclir. Riiss. Keiches,

tlie KnrilsUi Isliimls (orisiiial in Uussiiin, 175-4-1755). nr, 4, p. 619.

English traiisl. by James Grieve, p. 37. Gloucestei', 17G4. ''Kegel, TI. Racld, p. 242. Prof. Maxiniovvicz informs

Pallas; Flora Ilossica, p. ni (Introduction). me that Chiunisso visited tlie.se Islands.

-Bongard, M. II. G.; Historical Sketch <if the Progres.s 'These facts I owe to Prof. JMaximowicz.

of liotany in Knssia. (Hooker's (Companion to the Kotan- ^Herder, F. von; Biogrnphische Notizen iil)er einige in

leal Magazine, Vol. i, p. 177; 1835). den Plants; Raddeanaj genannte Sammler nnd Anloren.

'Saner, M. ; An Account of a Geographical and Astro- (Engler, Bot. Jalirbiiclier, ix (1887) p. 443. Plantas

nomical Expedition to the Northern parts of Hnssia, etc., liadd. iv, 1, p. 232.

under Comni. .1. Billings, in 17S5-1794. London, 1802.
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this short inl;iinl trip is of the most diversified character, ranging from sheltered valleys thickly cov-

ered with deciduous trees ;ind l)ainboos to ex'[)()sed mountain-tops entirely clothed with tlic straggling

Pinuspumila,iu\d from sandy and rocky beaches to sphagnous hogs on marine terraces. Thus I was

able to observe and collect more than two hundred species of the phanerogams and vascular cryptogams

of this island, whiuli, I believe, would fairly represent the genenil flora of the southern Kuriles.

On the 31st, the steamer took us from Shana to Shibetoro, a fishing station near the northern ex-

tremity of the same island. There we had only an hour and a half at our disposal to spend on its

hillsides. So far the weather had been uncommonly fine and calm. But the regidar Kurile weather

soon set in, preventing our landing on the island of Urup.

The nnml)er of species that I collected and observed^ in the island of Etorofu is 202 ; and in

Shikotan, 8(5. All myKurilespecimeus are now preserved in the Herbarium of Sapporo Agricultural

College, Japan. What duplicates I had of them I have distributed, together with those of my Yezo

collections, to the herbMria of the Imperial [Jniversity of Tokyo, of the Botanic Garden of St. Peters-

burg, and of Harvard Universitj'.

The first list of my Kurile collections was made soon after my return to Sapporo from that tri|) in

18.S4. It was sent to my friend, Prof. J. Matsumura of the Imperial University of Tokyo, who read

it for me before the November meeting of the Botanical Society of the same year. By the courtesy

of Professor R. Yatabe, I was allowed to spend al)out five months, in 1885, in his laboratory in the

University of Tokyo, working up my Kurile and Yezo collections. Some important corrections were

there made in my former list.

But it was not until I came to Harvard University that the i dea of publishing this list in the present

shape was formed. I am indebted to the late Dr. Asa Gray for first suggesting the publication of such

a list, which, in his opinion, would be equally interesting to American and to Japanese botanists.

This work I was able to begin in earnest diu-ing the summer of 1888 in the Gray Herbarium, where,

by the kindness of Dr. Sereno Watson, I was allowed the use of its extensive collections and library.

For this particular work there could be few places better suited than this Herbarium, "which is es-

pecially rich in specimens from the western and northwestern portions of North America, and the

islands in the Behring Sea. The vegetation of eastern and northeastern Asia is also very largely

represented by the valuable collections of Charles Wright, Williams and Morrow, J. Small, Maximo-

wicz, Albrecht, Schmidt, Oldham, Tschonoski, Wilfold, Augustinowicz, Maries, Stewart and others.

Under each species I have given the range of its geographical distriliution, special attention being

paid to its limits in the adjoining countries. For this purpose I have availed myself largely of the

labors of Ledcbour, Maximowicz, Regel, Herder, Hooker, Gray, Watson, Forbes, Hemsley, Fran-

chet, and many others. As to its range in the rest of Japan, my report is based mainly on the col-

lections in the Imperial University of Tokyo, and also on my own, which especially relates to the

island of Yezo.

The citation of the literature under the species is not designed to be complete. As a general rule,

I have nlways referred to some of the principal Floras of the neighboring countries, and also to one or

more works of a general character, in which can be found a description of the species. A work in

which any reference to the Kurile plant as such is made is usually cited under that species. In the

case of a critical species, fuller references to its literature and synonymy are given.

During the preparation of this paper, I have been greatly indebted to Dr. Sereno Watson, whose

judgment I have freely sought, and on whose suggestions I have acted, on many points of doubtful

and critical character. I owe much also to Prof. G. L. G.)o lale, who has kindly suggested many val-

uable changes. To Prof. C. J. Maximowicz I am under very great obligations. To his generosity

' Want of space in my press-papers oliliged me toward spot the occurrence of plants of whose names I was abso-

tUe end of the trip to resort to simply noting down on the lutely cerlaiu.
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and kindness this paper largelj' owes any claim it may have to completeness. Prof. W. Trelease

kindl}' siii)plied mo with information relating to the species of Epilohium ; and Mr. James Bisset,

F. L. S., in regard to a certain pliint collected by Prof. J. ililne on the northern Kiirilcs.

Physical Geography of the Islands.

The Kurile Islands, or Chishima (Thousand Isles), as they are called in Japan, comprise about

twenty-four principal islands, with several smaller ones scattered around them, extending in a regular

chain, about 795 miles long, from the southern point of Kanitschatka to the island of Yezo. They

form the boundary between the Sea of Okhotsk and the Northern Pacific, which attains just south

of this group the enormous depth of 27,930 feet.

Until 1875, the islands lying north of Vries or Etorofu Strait belonged to Russia; but by the

treaty of that year the whole of tlie Kurile Islands were placed under the rule of the Japanese Em-
j)iie. The name Hokkaido— the North Sea district— is now applied to the Kuriles, Yezo, and

its adjacent smaller islands collectively.

Beginning at the north, tiie islands which arc habitable' are Shumshu, Paramushir, Shiashkotan,

Matua, Rashua, Uruj), Etorofu or Iturup, Kunashiri and Shikotaii. The rest of the islands, chiefly

on account of their barrenness and lack of good drinking water, have been left uninhabited. They

are visited for game by the inhabitants of the neighboring islands only in times of perfect calm during

summer.

Speaking in a general way, the islands are precipitous and unappi-oachable on the southern side.

The few coves and bays which they possess are situated on the northwestern or northeastern sides.

These do not serve, however, as safe places of shelter for ships when the wind is unfavorable.

The whole chain of islands is washed by the strong cold currents which come down from the

northern part of the Sea of Okhotsk, and also from the Behring Sea. Between the islands there are

strong currents, varj'ing in strength from time to time according to the force of the tidal swell from

the Pacific. These cold currents, after quitting the Kurile Islands, descend along the eastern and

southern coast of Yezo, forming a stream known in Japan as the Oyasldwo. At times it comes even

as far south as Kinkwazan and Inuboye in the main island of Japan.

Quite close to the east of this cold current, a branch of the Kuroshiwo or Black Stream runs north-

eastward to the Behring Sea. According to Blakiston (Japan in Yezo, p. 22), tliese two opposing

currents approach within fifteen miles of each other at Cape Erimo, Yezo, with the difference of temper-

ature of 15° F. Whenever the easterly or southerly wind blows over the region, the whole chain of

islands is enveloped in the densest fog. This continues usually for a long time, and is said to sur-

pass even that of the far-famed coasts of Newfoundland.

There is another branch of the Kuroshiwo, which enters the Sea of Okhotsk through the Strait of

La Perouse, after washing the whole western coast of Japan. Its trace is lost as it approaches the

northern coasts of Kunashiri and Etorofu. The efiect of this warm current on the climate and veg-

etation of these two southern islands can hardly be overestimated.

From November- till April or May, all the islands are lociied up in ice. Even in the month of

June navigation in these seas is sometimes made dangerous by the sudden appearance of drifting ice

from the north. As to the temperature of these islands, we have no observations for any length of

time, or that are of any value. That there exist great differences in the temperature between the

northern and southern islands is evident even from the difference in their latitude (about 8°), and

from the influence of the difierent ocean currents. According to the records of the navigators who

' Pallas; Neue Beschreibuiig der Kuiilischeu Inselu. (Neiie Norilisctie Beitrage, iv, p. 112-141, 1783.)
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have cruised among them, all the islands lying north of Urup are perpetually capped with suow.

Their vec^etation also indicates decidedly their sub-arctic character.
, , , .

According to Prof. J. Milne,i who has visited the Kurile islands twice since LS78, the whole chain

is of volcank! origin. By him and by Captain Snow, fifty-two well-defined volcanic cones were rec-

ognized, of which seventeen were active. All these active volcanoes, with the exception of one or

two are contined to the northern Kuriles, where even those which are apparently extinct still pre-

serve their symmetrical slopes, indicating that they have suffered but little from denudation since they

were first built up. Professor Milne failed to discover any trace of stratified rocks m the northern

crroup. From these observations he concludes that the formation of the northern Kuriles must be

comparatively recent ; and, in fact, some of them are now actively forming.
^ , . ,

On the other hand, the volcanoes of Kunashiri and Etorofu are mostly rounded m shape and

deeply cut by valleys. The neighboring island of Urup presents appearances similar to these two.

Alono- the coasts of these islands, Professor Milne noticed the existence of stratified rocks and ter-

race formation. These facts show that they are older than the other members of the Kurile group,

and formed " the first of a series of stepping stones, which connects Japan, by means ol Kamtschatka,

with the remainder of Asia." Accepting Croll's theory as true, the presence of marine terraces in

the southern Kuriles forms good evidence of their existence before the Glacial Epoch.

Character of the Kouile Flora and its Relations to the Flora of the

Neighboring Countries.

According to our present knowledge, the number of orders, genera and species in the Kurile flora,

under each of the greater divisions of the vegetable kingdom, is as follows :—

Orders. Genera. Species.

21 69 121

14 58 100

6 12 19

41

7
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rLegumiuosBe, willi t5 genera. Cruciferse, with 12 species.

J
Saxifiiigiiceae,

I
Scropiiularia^

\vi
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Kiirilo Isliiiuls. Yezo. Snghaliii. Aniur-land. E. Siberia.

Gentianaccfe. 1.8 1.0 .7 1.2 1.9

Conifei-.-e. 1.8 1.5 1.4

Lahiatffi. 1.2 3.2 1.7 2.9

From this tal)le it is clear that in Rosacese, Ericaceae, Curyophyllaceffi, Scrophulariacefe, Caprifo-

liacesB and Borraginacere tlie Kiirile flora is relatively rich ; while in Cyperacese (?), Labiatre and

Poh'goiiacere it is comparatively poor.

Every order which is represented in the Kiirile Islands is also represented in a greater or less

degree throughout the northern hemisphere, many passing into the southern.

As to the genera, one hundred and fifty-six or about eigiity-four per cent of the total number are

amphiga^an, that is they ai'e found throughout Europe, Northern Asia and North America. Of the

remaining 31 genera, only three, Skimmia, Crawfurdia and AcaiithojMnax, are restricted to eastern

and tropical Asia. Twelve genera may be called Europo-Asiatic, of which HemerocalUs, Adenoph-

ora, Pleurospermum , ^gnpodmm, Filipendula and Sorharia are so in a strict sense ; while Sonc/ms

and Asperida are found also in Africa and Australia; and DianlJais, Swertia, Alopecurus and Gale-

opsis? extend to northwestern America. The remaining sixteen genera are more or less confined to

Asia and North America. We have only four genera in the Kiu-ile Islands which ai-e peculiar to

eastern North America and to eastern Asia. They are Leucolhoe, Diervilla, Hijdrangea and Astilbe.

The American genera, Trillimn, Di.ipornm and CliiKonia, are found also in the temperate and

mountain regions of Asia ; ^?'«?ta, in eastern and tropical Asia; Dodecatlieon and Claytonia, in

northeastern Asia; and Minndus, in extratropical Asia, Africa and Australia. Telrapoma of north-

eastern Asia is said to occur also in northwestern America. BoscJiniukia, which is peculiar to the

north Pacific borders, recurs in North America in Mexico, and in Asia in Himalaya.

As to the species, ninety-seven or about thirt}' per cent of the Knriie vegetation are distributed

throughout Europe, northern Asia and North America. For the northerly situation of the islands,

the proportion of the circumpolar species is comparatively small. We shall leave them entirely out

of our consideration while we are discussing in the following pages the character and relative propor-

tions of the dificrent elements which constitute the remaining important part of the Kiu'ile flora.

There are only two endemic species, and these of a rather doubtful character : Draba hirsula,

Turcz., and Oxytropis Pumilio, Ledeb. Both of them were founded on a few imperfect specimens and

will most likely prove to be forms of some of the nearly related species, in which these regions are

parlicularl}' rich. Prmnm C'eraseidos, Max., var. kurihvsh, may prove to be a good species. Its

relation to the typical form I have dwelt upon at length in its proper place.

Seventeen species and two varieties are restricted to the insular limits of Japan and Saghalin ; of

these, two species and one variety are peculiar to Hokkaido.

The largest and most important element is the Novlheaalern Asiatic, whose centre of distribution is

to be foiuid somewhere around the Sea of Okhotsk. It numbers 31 species and (5 varieties. The next

largest is what I have designated, tor convenience, the Eastern Asiatic, which includes plants of

Japan, Saghalin, INIancluuia, Corea and China, but not of Kamtschatka and eastern Sil)eria. This

eastern Asiatic element includes 28 species and 3 varieties. Altogether, the species and varieties

which are strictly Asiatic in their range of distribution, number 105 and 12 I'espectively.

Of the species which extend into Europe, there are 55 ; and into North America, 80. Of these 80

species, 34 are limited to northwestern Ameiica, which includes Alaska and British Columiiia ; while

22 extend further southward on the Rocky Mountains and other high ranges in the Pacific States.

The remaining 24 species are all widely distriliuted across that continent, chiefly in its cool temperate

region. In the Kuriles we have no species which are limited to the Atlantic States in North Ameiica.

To give a better idea of the relative im[)ortance of theses elements in the Kurilc flora, the follow-

ing table will show their proportions in terms of per cent., the varieties being taken as units, and the

circumpolar species entiiely discarded:

—
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50.0

15.4

8.6

Insular,

N. E. Asiatic,

N. + N. E. Asiatic,

E. + N. E. Asiatic,

E. Asiatic,

N. + E. Asiatic,

Himal. -f- E. Asiatic,

Eur. + E. Asia,

Eur. + N. E. Asia,

Europ.-Asia+ N. W. Am.,

Europ.-Asia -|- W. Am.,

W. Am. + E. Asia,

W. Am. + N. E. Asia,

N. W. Am. + E. Asia,

N. W. Am. + N. E. Asia,

Am. (E.-W.) +N. E. Asia,

Am. (E.-W.) +E. Asia,

Amer. -Asiatic, 26.0

Tiie table shows at once the great preponderance of the Asiatic species, the greater portion of

which are restricted to tiie eastern and northeastern parts of Asia. Next in importance come the

Americo-Asiatic, which divide themselves into two distinct groups : the American and north Pacific.

The latter constitutes, hy far, the more prominent part. It contains many interesting species, sucii

as Frilillaria kamtschatcenfiis, Bosclmiakia glabra. Rhododendron chrysanthum and Tcamlscltuti-

ciim, Viola Langsdorffii, Claytonia sarmentosa, Lupinus JVootkalensis, Epilobium Behringianum

and E. Bongardi, Primida cuneifolia, Geniiana auriculala, Casniope lycopodioides, Erigeron salsu-

ginosus, Lysidiilon Icamtschalicum, Saxifraga reflexa, etc. The Europeo-Asiatic elements are also

liherally represented. If the species which extend into northwestern America are included, they

form al)out twenty-four per cent of the whole.

In the Kuriie flora we have no additions of orders to make to the rich flora of Japan. As to

the genera, there are six new additions, namely, Parrya, Telrapoma, Claytonia, Lupinus, Arme-

ria and Dodecatheon. These genera are found only in the northern Kuriles. None of them occur

in the island of Saghalin.

As to the species, 54 are entirely nesv to .lapan ; and 12 species are represented under difierent

varieties chiefly in the alpine regions of the main island. Of these, 13 are circumpolar species; 2

species and 1 variety are endemic (?) ; 5 species are Europeo-Asiatic, three of which extend into

northwestern America; 6 are northern Asiatic; 17, northeastern Asiatic; 18, northern Pacific, and

4, American. With the exception of Prnnus Ceraseidos, var. hnrilensis, Saxifraga hroncJiialis, Ar-

temisia laciniala, Artemisia sericea, Carex inacilenta and Carex vaginala, the remaining 60 plants

have thus far been found only in the ishmds lying northward of Urup ! These facts clearly indicate

that the vegetation of the southern Km'ilcs is very much like that of Japan (northern), while tha

• • •
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of the northern approaches remarkably the Hora of the Behring Sea region (northeastern Asiatic

and northern Pacific).

In the southern Knriles, for instance, we have such phints as the following, which show a strong

aflinity to the vegetation of the warmer climate :

—

Ranunculus japonicus, Viola verecuiida, Dlan-

thus sujyerbus, Hypericum erec/um, Skimmia japoiiica. Ilex crenata, Evonymus alata, RIius Iricho-

carpa, Itlius Toxicodendron, Hydrangea scandens, Aralia raceinosa, var., Acanthopanax ricinifolia,

Leucotho'e Grayana, (Jrawfurdia japonica and Bambusa kurilensis.

Compared with the flora of Saghalin, we find a close resemblance between them in the vegetation

of their respective soutiiei-n portions. Both enjoy al)out the same climate and arc under the same

influences as the Japanese flora. Toward the north their contrast is striking, from the obvious rea-

son of their proximity to diflerent floral regions.

There are forty -three species in the Kuriie flora which have not }^et been found in Saghalin, but

which are known to occur in Japan. Of these, seventeen plants grow also in Kanitschatka and ad-

jacent districts. However small in nnml)er, consideration of these plants would be of some help to

explain how far this chain of volcanic islands has ])een the means of introducing northern Asiatic

plants into Japan. These seventeen species are as follows :

—

Clematis fusca. . Erigeron salsuginosus. Pedicularis Cliamissonis.

Burharea vulgaris. Cassiope lycojiodioides. Polygonum vivijxirum.

Stellaria Jl^orida. Bryantlius taxifolius. liumex Acelosa.

Stellaria ruscifolia. Prirnida cuneifoUa. Microstylis monophyllos.

Trifolium Liqnnaster. Severtia tetrapetala. Equisetum limosum.

Saxifraga Merkli. Veronica Stelleri.

Some of these plants are of such wide distribution in the northern hemisphere that it is not fair

io include them in our consideration of this question. Such plants as Barharea vulgaris, Trifolimn

Lupinasler, Bryant/tus taxi/'olius. Polygonum viviparum, liumex Acetosa, Microstylis monophyllos,

and Equisetum limosum, we may expect any time from Saghalin, as they are very common in all the

surrounding countries. To the same category, I may add Glemalis fusca. This reduces our list

about one-half.

Stellaria Jlorida, Saxifraga Merkii, and Pedicularis Ohamissonis exist in J;ipan only as varieties

in its alpine regions. This indicates that these plants were introduced into Japan a long time ao"o.

The typical forms ot' St. Jlorida and Sax. Merkii are now distributed in the northeastern part of Asia,

extending from the Baikal district to Kanitschatka; and Ped. Ohamissonis is found in Alaska, the

Aleutian Islands and Kanitschatka. Their presence in the northei-n Knriles in the present day does

not necessarily prove that the species were introduced into Japan through this channel. It may
simply indicate that they have been introduced here in recent times from Kimitschatka. The natnie

of the geology and general vegetation of these islands sup[)orts the latter view. According to Pro-

fessor Milne, as I have stated before, all the northern Kuriles are of very recent formation, and "at

the time when Japan was colonized, these step[)ing stones were probaiily without existence."

The scanty vegetation which we find in these northern islands is mostly composed of plants

growing in Kanitschatka and the Aleutian Islands. The greater part of them arc not yet known to

come down to the southern Knriles. A few plants, which are decidedly characteristic of northern

Japan and the southern Kuriles, have also been found in some of the smaller islands north of Uriip.

Petasites japonica, for instance, is said to extend as far north as the island of Matua, and Bamhusa
kurilensis and Taxus cusjndata, to Ketoy. Thus it seems that these northern Kuriles are now in

the stage of receiving their vegetation from l)oth Kanitschatka and the southern Kuriles. Doubtless

MKMOIKS liOSTON SOC. NAT. lUSI'., VOL. IV. M
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niiiny of these Kamtschatkan plants Avill in the futine reach the iioithern shores of Japan, i)iohal)ly

tlirongh the agency of currents and migratory birds. Of such, Slellaria ruscifoUa, Swerlia lelra-

petala, and Urigeron salsugino.ms ( ?), from their restricted range of distribution in the northeastern

and eastern coasts of Yezo, wonld form good examples.

From these observations, I agree with Professor Milne in the opinion that at the time of the last

great southerly migration of the rich polar tlora, Japan received her portion mostly through the isl-

and of Saghalin, and but little, if any, through the then uncompleted chain of the Knrile Islands.



DICOTYLEDONES.

POLYPETALS.

RANUNCULACE^.

1. Clematis fusca, Tiiiez. in Bull, de hi Soe. des N^atur. de Mosc. (1840), jj. 60; Ledeb. Fl.

Ross. I, p. 725; Max. Mel. Biol, ix, p. 587; Fr. & Sav. Emiiu. ii, p. 262.

Habitat. Northern Kariles! (Turcz.).^

The plant is stiictly northeastern Asiatic in its distribution. It grows in swampy
places throxighout eastern Siberia bordering the Ochotsk Sea, descending southward on

the continental side as far as southern Manchuria ; while on the insular side it was found

to come south as fai- as the vicinity of Hakodate in Y^ezo. The plant has not yet been

recorded from Saghalin.

According to Franchet & Savatier,the plants found growing aromid Hakodate belong

to the var. mandfihurica, Regel (Fl. Uss. p. 2, t. 2, f. 1). The plants which I have col-

lected at Tokoro in the province of Kitami, and also at Iloi'omui near Sapporo, have char-

acters more nearly approaching that variety than any of the others established by Regel.

But they differ in some points, which are easily noticeable. In the Y'ezo plants the tlowers

are also on both the terminal and axillary peduncles, and are provided with two opposite

bracts; but they ai-e always solitary, and the bracts, which are broadly ovate, obtuse, and

often 2-3 lobed, are placed on the peduncle a little above the middle.

2. Clematis alpina, Miller; DC. Prod, i, p. 10. Atragene alpina, Ij. ; Max. Mel. Biol, ix, p.

60o; Turcz. Fl. Baic.-Dahur. i, p. 25. Atr. alpina, L., var. ochotensis, Hgq- & Til.

Fl. Ajan. p. 20. Atr. jjlatysfijxila, Trautv. & Mey. Fl. Ochot. p. 5.

IJah. Kurile Islands {ex Turcz.). Etorofa, in shady woods near Furubetsu.

This extremely variable species is widely distrilmted in Europe, northern Asia and

Japan; and also in the Rocky Mountain region ofNorth America. The Japanese plants,

especially those which grow in the cold shady woods of Y'ezo and the Ivuriles, correspond

exactly to those collected in eastern Siberia and Kamtschatka, described as var. oclioten-

sis by Regel and Tiling.

The Amei'ican foi-m (C. (dpina, var. occideidalis, A. Gray, in Powell's Geol. of Black

Hills of Dakota, p. 531) can scarcely be distinguished from some of tlie Old World plants,

except, perha[)s, as has been pointed out by "Dr. Gi'ay, by a greater tendency of its petals

to staminody,— a chai-acter which is vei-y poorly developed in the Euroj)ean plant, but

which is seen more and more mai'ked in the plants growing eastward.

' Tlie mark ! iilaced after a locality of a plant which was men of tlic plant thus referred to lias been seen by Prof,

not C(jllectcd liy myself, indicates that tlic original speci- C. J. Maximowicz in the Uerbaria of St. I'etersburg.

(213)



214 K. MIYABE ON THE

3. Thalictrum aquilegiiolixim, L. Sp. p. 5i7; Ledeb. Fl. Ro^8. i, p. Go; Regel, Tluilic.

p. 10; Lfcoyer, Mouog. Tluilic. p. 75; ¥i: & Sav. Enum. i, p. 3.

Ilab. Kurile Islands {fide Kegel)

.

Distribution. Europe, middle and noi-theni Asia, eastward to Kamtschatka, Saghaliu

and Ja[)an.

4. Thalictrum minus, L. Sp. }>• 54(5; Lecoyer, Monogr. Thalic. p. 124, t. V, f. 2-4.

Var. elatum, Jjecoyer, I. c. p. 127. Th. Kemense, Fr. Fl. Halland, ii, p. 94; Ledeb. Fl.

Koss. I, p. 13; Kegel, Thalic. p. 36. Th. elatum, Mnrr. in Tiantv. & Mey. Fl. Ochot.

]). (3. Th. Kemense, Fr., var. stljfellatum, C. A. Mey. in Max. Prim. Fl. Amnr. p. 1(5. Th.

hyjioleucam, Sieb. & Zuce. Fam. Nat. n. 306. Th. minus, L., vai-. Kemense, Trelease,

Proc. Bost. Soc. N. II. xxiir, p. 300.

Hah. Kurile Islands (fide Kegel). Etorofu, at Slianu and Shibetoi'O.

This variety is also found throughout Japan, but is especially common towards the

north, where it attains its greatest size in fertile valleys.

Var. nanum, Lecoyer I. c. p. 127. Th. minus, vai'. foetidum, Hook. f. & Thorns, in

Hook. Fl. Brit. Ind. i, p. 14.

Ilah. Shikotaih, on exposed hillsides facing the harboi'.

Our plant is about a foot and a half in height with a stem bent in a somewhat zigzag

way. Its leaflets are very small, l-\ inch in length, and glandular-pubescent beneath.

The pi'esent variety is vei'y much i-arer in Japan than the above, growing mostly in

the alpine districts. It is not yet known from Saghalin, Kamtschatka and Eastern Si-

beria.

The species is very widely distributed in Euroj)e, Africa, Asia and Alaska.

5. Anemone parviflora, Michx. Fl. Bor.-Am. I, p. 319; Ledeb. Fl. Ross. I, p. 16; Schlecht.

in Linnaia vi, p. 574.

Hdb. Kurile Islands (Merk. ex Schlecht.).

Distrih. Arctic and northern temperate regions of North America from LalM-adoi- to

Alaska, descending in the liocky Mountains to Colorado; Aleutian Islands, Kamtschatka
and Kiu'ile Islands.

6. Anemone debilis, Fisch.; Turcz. in Bull. Mosc. xxvil, p. 274; Max. Mel. Biol, ix, p.

607; Fr. & Sav. Eniun. ii, p. 265. A. rammcidoides, \av. gracilis, Schlecht. \n

Linnaea vi, p. 574. A. cmrulea, var. yracilis, Ledeb. Fl. Ross, i, p. 14. A. grac-

ilis, F. Schmidt Fl. Sach. p. 102.

Hal). Ktorofu, at Furubetsu.

Distich. Jajian, Saghalin, northeastern Manchuria and Kamtschatka.

The i^lants which are found throughout northern Japan correspond exactly to the typ-

ical specimens from Kamtschatka and Saghalin. Those which wei-e collected by Max-
imowicz in southern Japan, and which he considers as a variety of this species, have the

leaves somewhat resembling those of Anemone umhrosa, though considerably smaller.

There are a few specimens in the Gray Herbarium labelled A. umhrosa, which were col-

lected by W. P. Blake in " N. Japan." A similar specimen was collected in the vicinity

of Sapporo. They have certainly a striking resemblance to the Ussuri specimen of A.
umhrosa in the shape and proportion of the leaves and flowers, and in the nature of the
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pubescence. The only points ol' diflerence between them, which I can tind in the few

specimens before me, ai-e that the sepals are perfectly smooth on both sides in the Jap-

anese plant, and that the peduncles are shorter than the leaves. The ovaries are still

too yomig to show decidedly whether tliey are sessile or stipitate. They are covered

witb silvery appressed hairs; and the styles are elong-ated, cylindrical, smooth and erect.

Doubtless the plant is much more closely related to A. umhrosa than to any other species.

The character of its ripened carpels would settle the point, whether it is to l)e considered

as a variety of that species or as distinct.

7. Anemone narcissiflora, L. Sp. p. 542; Ledeb. Fl. Koss. i, p. 18.—Var. villosissima, DC.
Prodr. I, p. 22; Keg-el, PI. Radd. i, p. 18; F. Schm. Fl. Sach. p. 104.

Hah. Etorofu, in an exposed moist tield near Kubetsu.

Distrih. In the arctic and alpine regions of Europe and Asia, extending to Alaska,

and the Rocky Mountains.

8. Ranunculus japonicus, Langsd. ; Fisch. in DC. Prodr. i, p. 38; Max. Fl. As. Or. Fragm.
I, \). 3; Forbes & Hemsle}', Index Fl. Sin. p. 14. R. ternatus, DC, etc. (not

Thunb.). R. Sieholdi, Miq. Prol. Fl. Jap. p. 193. R. Veruyi, Fr. & Sav.

Eunm. I, \). 8, ir, p. 2(36.

Hah. Etorofu, at Shana.

Tiie plant is closely I'elated thi'ongh some of the allied species growing on the conti-

nental side of Asia to R. j)ennsijlvanicus of jS^orth America, of which, by a high author-

ity, it is considered a vailety.

However variable onr plant is in many of its minor characters, incident to its great

range of stations from the roadside ditch to the cold wet mountain woods, extending from

the Loo Choo Islands to the Kiiriles, yet there are some important characters which are

constant at least within our insular limits. In these important characters, it differs dis-

tinctly from the typical Ranunculus pennsylvanicus.

In the latter, the akenes are provided with short, stout, and straight or slightly curved

beaks, and are arranged in oblong or cylindraceous heads; and the petals are small, not

sui-passing the reflexed calyx. In R. japonicus, the akenes are provided with beaks which

are attenuated and uncinate or subuncinate at the tip, and broad and fiat at the base; they

are arranged in globose heads; and the petals are larger, surpassing the recurved calyx.

Considering all chai'acters, our plant is more nearly related to R. Mspidus, as chai'ac-

terized by Dr. Gray in his Revision of the IS". Am. Ranunculi (Proc. Am. Acad, xxr, p.

375), than to R. peitnsi/lvanictis, L. f.

9. Ranunculus acris, L.; Ledeb. Fl. Ross. T, p. 41; Reg. & Til. Fl. Ajan. p. 32; Reg. Fl.

Uss. p. 7. R. japonicus, Thnnb. Trans. Linn. Soc. in, p. 337. R. propincpms,

C. A. Mey. in Ledeb. Fl. Alt. in, p. 332; Ledeb. Fl. Ross, i, p. 41. R. propinquus,

var. hlrsufjis, A. Gray, Bot. Jap. p. 378.

Hah. Etorofu, at Tsurubetsu, Shana and Shibetoi-o.

Dlstrib. Europe, northern Africa, northei'ii and middle Asia, Japan, Greenland? and

ISTewfoundland ?

10. Trollius patulus, Salisb. Trans. Linn. Soc. viTi, p. 303; Ledeb. Fl. Ross, i, j). 50;

Reg. & Til. Fl. Ajan. ]>. 36. TroUius japonicus, Miq. Pi-oi. Fl. Jap. p. 194.

Var. genuinus, 1. pedunculatus, Reg. & Til. I. c.



216 K. MIYABE ON THE

Hah. Kurile Islands (Reg. & Til.). Etorofu, along a stream in a sheltered valley

near FurulK-tsu, and also at Sliana and Shibetoi-o.

Distrib. Middle and northern Jajjaii, Saghalin, Kamtschatka, Eastern Siberia, Dahuria

and Caucasiis.

My Etorofn specimens coincide exactly with one collected by Stewart in Kanitschatka

labelled as '^TrolJins patulus, Salisb., var. genuinus, Ins. 2. jjedanculatus, teste Kegel."

11. Coptis trifolia, Salisb. Trans. Linn. See. viii, p. 305; Ledeb. Fl. Ross, i, p. 52; Torr.

& Gray, Fl. N. Am. i, p. 28; Fr. & Sav. Enum. i, p. 10.

JFIab. JEtorofa, at Fnrubetsu, and Nobori.

Distrib. From eastern Rnssia to Manchnria and Kamtschatka, Saghalin and northern

and middle Japan; in Noilh America, spreading from Alaska to Labradoi- and Green-

land, and descending on the Atlantic side to Pennsylvania; also in Iceland.

12. Aconitum Fischeri, Reich. 111. Sp. Aeon. Gen. fol. 22, t. 22; Regel, Conspec. Aeon. p.

150; F. Schni. Fl. Sach. p. 107; Fr. & Sav. Enum. i, p. 12; Forbes & Hemsley,

Index Fl. Sin. p. 20.

Hab. Etorofu, on hillsides at Shana, and Shibetoro.

Distrib. Kamtschatka, Ja|)an, Saghalin, Manchnria and China.

13. Cimicifuga simplex, Wormsk. ex Fisch. in DC. Prodr. i, p. G4.—Vai-. ramosa, Max. in

Fr. & Sav. Ennm. i, p. 13. C. simplex, Max. Prim. Fl. Amur. ]). 29; F. Schm.

•Fl. Sach. p. 109. C.f<Mida, var. simplex, Reg. Fl. Uss. [). 12, PI. Radd. i, p. 122.

Hah. Shil'otait. Etorofu, at Arimoi and Shibetoro.

Distrib. Dahuria, Manchnria to Kamtschatka, Saghalin, and northern and middle

Japan.

FUMARIACEJE.

14. Corydalis ambigua, Cham. & Schlecht. in Linnavi r, p. 558; Ledeb. Fl. Ross, i, p. 101;

Max. Prim. Fl. Annn-. p. 37; Regel, PL Radd. i, p. 137; F. Schm. Fl. Sach. p. 110.

Hab. Etorofu.

I have not seen the |)lant myself in the field, but its globular rootstocks used as food

there by the Aino inhabitants were shown to me. They call them toma, and cook them

by boiling Avith a certain kind of clayey earth, found on the beach, to remove the bitter

taste. The rootstock is exactly the same as that of the Yezo plant, which is also called

by the same name and used for the same purpose.

Distrib. Kamtschatka and its adjacent islands, northeastern Manchuria, Saghalin

and northern Jajjan; and also in northern Siberia about the Jenisei (ea? Ledeb.).

15. Corydalis ochotensis, Turcz. in Ledeb. Fl. Ross, i, p. 103; Forbes Sc Hemsley, Index

Fl. Sin. p. 37 ? C. sibirica, var. ochotensis, Reg. PI. Radd. i, p. 143.

Hab. Kiirile Islands! {ex Max.).

Distrib. Ochotsk region and Kuriles; as vars. liaddeana and mandshurica Max., in

Mancluu-ia, northern China, and in Japan (Kiusin to northern Yezo).

CEUCIFEE.aE.

16. Parrya macrocarpa, R. Br. in Parry's First Voyage, ]). 270; Ilook. Fl. Bor.-Ani.

I, p. 47, t. 15; Ledeb. Fl. Ross, i, p. 131; Hook. & Anders., Hook. Fl. Brit. Ind.,

I, p. 131. Parrya nudicxmlis, Regel, PI. Radd. r, p. 176.
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Hah. Urtq)/ (exMax.).

Distrih. Arctic Europe, Asia and ]S^orth America; in the alpine regions of central

Asia and western ZsTortli Amei-ica.

17. Barbarea vulgaris, R. Br. Ilort. Kew. ed. 2, iv, p. 109; Ledel). FI. Ross, i, p. 114;

Regel, PL Radd. i, p. 153; Torr. & Gray, Fl. ^ST. Am. i, p. 75; Fr. & Sav. Enum.
I, p. 32, II, p. 278.

Hah. Etorofii, at Rulietsu.

Distrih. Europe, northern and southern Africa, northern and temperate Asia to

Alaska and western I^orth America. Naturalized in the eastei'n United States.

18. Arabis Stelleri, D.C. Syst. II, p. 242; Ledeb. Fl. Ross, i, p. 122.—Yar. japonica, F.

Schm. Fl. Sach. p. Ill; Fr. & Sav. Emmi. i, p. 33, ii, p. 278. Arahis aljnna (?),

\i\v. japonica, A. Gray, Pi. Jap. p. 307. A. japonica, A. Graj^, Bot. Jap. \). 381.

Hah. Etorofu, at Rubetsu.

Distrih. Sag-halin, northern and middle Japan, Corea, Manchuria, Kamtschatka to

the Aleutian Islands.

19. Arabis lyrata, L. Sp. p. G65; Torr. & Gray, Fl. N". Am. i, p. 81; DC. Prodr. i, p.

146; A. Gray, PI. Jap. p. 307; Fr. & Sav. r, p. 33.

Hah. Shil'ofan, on rocky cliffs along the beach.

Distrih. Middle and noi'theru Japan, and in North America: Canada to Virginia and

Lake Superior, and westward in the Pacific I'egions, as var. occidentalis, Watson, 3IS.

(A. amhigua, DC, in part).

20. Arabis ambigua, DC. Syst. ii, p. 231; Ledeb. Fl. Ross. I, p. 120; Trautv. & Mey.

Fl. Ochot. p. 14; Reg. & Til. Fl. Ajan. p. 4G. A. himtschatica, Fisch. in DC.
Syst. II, p. 231 (as A. lyrata, ,3.) ; Ledeb. Fl. Ross, ii, p. 121. A. iMraia, fi-s,

Regel, PI. Radd. i, p. 166.

Hab. Kurile Islands (ea; DC). Urup) ! (ea;Max.).

Distrih. Ochotsk region, northeastern Manchuria, Saghalin, Kurile Islands and Kamt-
schatka.

Probably this plant does not differ from Dr. S. Watson's var. occidentalis of A. lijrata.

The specimens from Alaska and the Aleutian Islands, and also those which were collected

in Kamtschatka by C Wright, and which were variously referred to A. amhigua and

Icamtschatica, are all considered by Di*. Watson as belonging to his variety of ^. lyrata.

21. Arabis perfoliata, Lam. Diet, i, p. 219; Fr. & Sav. Enum. i, p. 34. Tnrritis glahra,

L. Sp. p. 666; Ledeb. Fl. Ross, i, p. 116.

Hah. Etorofu, at Arimoi.

Distrih. Europe, temperate Asia, and N. America (W. and E.).

22. Cardamine pratensis, L. Sp. p. 656; Ledeb. Fl. Ross. l, p. 125.—Var. prorepens, Max.
Mel. Biol. IX,

J).
6. C. prorepens, Fisch. in DC. Syst. ii, p. 256; Ledeb. I.e. p. 125.

Hah. Kurile Islands ! (Ilerl). Fisch.)

Distrih. Eastern Siberia, Dahuria, Manchuria, and Kurile Islands.

The species is circumpolar in its distribution.

23. Draba hirsuta, Turcz. in Bull. Mosc. 1840, p. 64; Ledeb. Fl. Ross. T, p. 755.

Hah. Kurile Islands (e.t Turcz.).
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"(Leucodraba) caiilibus ramosis foliosis cum pedunculis foliisque pube stellata et pilis

simplicibus incanis, foliis obloiigis ovatisve acutis dentatis, petalis oblongis calyce pii-

bescente duplo majoril)us, silicnlis ovato-oblongis rectis pedicellos adaequantibus pube

stellata incanis calyce persistente stipatis, stylo brevissimo.

"Calyce persistente et siliculis rectis brevioribiis a proxima D. confusa, Ehrb. (i>. in-

cana, L.) distingnitur."

24. Draba borealis, DC. Syst. ir, p. 342.—Yar. kurUensis, F. Schm. Fl. Sach. p. 114; Max.

Mel. Biol. IX, p. 609; Fr. & Sav. Enum. ii, p. 282. Odontocyclus Tcurilensis,

Tiircz. in Bull. Mosc. 1840, p. 65; Ledeb. Fl. Eoss. i, p. 756.

Jluh. Kurile Islands! {ex Turcz., Max., etc.j Etorofu, on nioLst cliffs at Tsurubetsu.

Shilcotan, on rocky cliffs.

My Shikotan specimens correspond exactly with the Hakodate specimens in every char-

acter. The Etorofu plant, on account of its moist habitat, is taller and weaker, but coin-

cides perfectly with the plant under consideration in all its essential characters. Its

flowering stalk is about 28 cm. long and ascending; generally about eight cauline leaves

are distantly ai-ranged quite well up to the inflorescence, and they are beset with bifur-

cate or stellate hairs; the upper leaves are ovate, sessile, obtuse or subacute; the lower,

obovate, obtuse and tai)Gring to the petiole. The petals are about twice as long as the

sepals. The fruits are innnature, smooth (very young ones slightly hairy), more or less

twisted, and thickened here and there along the margin with callous spots; the styles are

thick and short.

Kegel & Tiling in their Florula Ajanensis, p. 59, desci-ibe a variety of Draha horeaUs

from the Kurile Islands under the name of way. foliosa, with D. nncdascM-iana, DC, as a

synonym. Prof. Maximowicz kindly informs me that the variety was "founded on one

bad specimen, which looks different enough, but indeed nearer to D. uncdascJiHiaia.'" Fn

the Gray Herbarimn, I have found a flowering specimen of a Draha from Urup sent by

"Grisebach or Bunge," under the name of D. unalaschhiana. Compared with our plant,

it has larger flowers, and hairy sepals; and some of its cauline leaves are conspicuously

few-dentate, the teeth spreading. It cori-esponds very well with the specimens from

Alaska, the Aleutian Islands and northern British Columbia, having contorted pubescent

pods. For the present, in the absence of good specimens from the Kurile Islands, it is

hard to decide, whether the var. follosn, Reg. & Til., and D. n.nalascM-iana, DC, are

really the same plant or not. D. hirsuta, Turcz., may most likely come also under the

same species.

Our present variety has been found in Yezo, Saghalin, and the Kmile Islands. The
species has its range of distribution in northeastern Asia and northwestern America.

25. Draba gelida, Tui'cz. Cat. PI. Baic.-Dah. n. 131, Fl. Baic.-Dah. i, p. 132. JD. WaJi-

lenheryli, var. (/elidajTleg. PI. Eadd. i, p. 189.

Ilab. Kurile Islands {Jide Turcz.).

Distril). AljDine and subalpine districts of Dahuria, and the Altai and Baikal regions.

26. Tetrapoma barbaraefolium, Turcz. Fl. Baic.-Dah. T, p. 147; Ledeb. Fl. Ross, i, p.

161. Camelina harharea'folia, DC I'lodr. i, p. 201; Hook. Fl. Bor.-Am. i, p.

201.
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Hah. Kurile Islands! (ex M.nx.').

Dlstrlh. Daluiria,Mancluii-ia, and eastern Siberia; also in northwestern America.

27. Capsella Bursa-pastoris, Moench. Metli. p. 271; Ledeb. Fl. Ross, i, p. 199; Fr. & Sav.

Ennm. i, p. 38.

Ilah. Etovofa, common about the settlements and by the roadsides.

VIOLACE^.

28. Viola Selkirkii, Goldie in Edin. Phil. Journ. vr, p. 319; A. Gray, Bot. Jap. p. 382;

Max. Mel. Biol, ix, p. 730. V. kamtschatica, Ging. in Linna3a i, p. 106. V.

umbrosa. Fries, Kovit. p. 271; F. Sclnn. Fl. Saeh. p. 115. V. Selkirkii, var.

glahra, Miq. Pi'ol., p. 85.

Hah. Etorofu, at Fni'ubetsu.

Distrih. Northern Euroi)e; Siberia, Dahuria, Manchuria, northern China, Japan,

Sakhalin, Kamtschatka; British Columbia to I^ew Brunswick and New York.

29. Viola Langsdorffii, Fisch. in DO. Prodr. I, p. 29(3; Ledeb. Fl. Ross, i, p. 250; Max.

Mel. Biol. IX, p. 711. Viola mirabilis, var. Langsdorffii, Regel, PI. Radd. i, p.

240.

Hah. Kurile Islands ! (ex Max.)

.

Distrih. Eastei-n Siberia, Saghalin, Yezo, Kamtschatka, the Aleutian Islands, Alaska,

British Columbia to Oregon.

30. Viola canina, L., var. acuminata, Regel, PI. Radd. I, p. 247; Max. Mel. Biol, ix, p.

746. V. acuminala, Ledeb. Fl. Ross, i, p. 252; Max. Prim. Fl. Amur. p. 50. V.

micrantha, Turcz. in Bull. Mosc. v, p. 183, x, p. 148. V. laciniosa, A. Gray,

PI. Jap. p. 308.

Hah. Etorofa, at Rubetsu.

Distrih. Middle and northern Japan, Saghalin, Manchuria, China and Corea; also

in Dahuria.

This species is very widely distributed in the temperate regions of the northern hem-

isphere.

31. Viola verecunda, A. Gray, Bot. Jap. p. 382; Max. Mel. Biol, ix, p. 750; Fr. and Sav.

Enum. II, p. 648; Forbes & Hemsl. Index Fl. Sin. p. 5iS.

Hah. Etorufa, at Rubetsu.

Distrih. Throughout Japan; China and Formosa.

CARYOPHYLLACE.ffi;.

32. Dianthus alpinus, L., vai'. repens, Regel, PI. Radd. i, p. 286. D. repens, "Willd. Sp.

II, p. (iSl ; Ledeb. Fl. Ross, i, p. 281; Torr & Gray, Fl. N. Am. i, p. 195; Reg.

& Til. Fl. Ajan. p. 63.

Hah. Urup! (e;«Max.).

Distrih. Eastern Siberia along the whole coast of the Ochotsk Sea, Kamtschatka to

Alaska.

MEMOIltS BOSTON SOC. NAT. HIST., VOL. IV. 31
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33. Dianthus superbus, L. Sp. p. 589; Ledeb. Fl. Ross, i, p. 285; Fr. & Sav. Eiuim.

I, p. 46.

Ilab. SMkotan, in grassy places along- the beach. Etorofu, at Tsurubetsii.

Distrih. EiTi'ope to Manchuria, China, Japan, and Saghalin.

34. Lychnis affinis, Yahl, Fr. Mant. ill, p. 36. Melandryam involucratum, var. ajfine,

Kohrb. in Linnjea xxxvi, p. 216; Regel, PI. Radd. i, p. 319.

Sab. Urup ! {ex Max.)

.

Distrih. Arctic Europe, Greenland and Labrador, and in northeastern Asia about

the Ochotsk Sea.

35. Cerastium semidecandrum, L., var. herbaceo-bracteatum, Fenzl in Ledeb. Fl. Ross, i,

p. 406; Regel, PI. Radd. i, p. 431; Max. Mel. Biol, ix, p. 52.

Ilah. Karile Islands! (herb. Fischer).

Distrih. Eui'ope, southern Japan. Not yet found in the intervening countries.

36. Cerastium vulgatum, L., var. glandulosum, Koch, Sj^i. ed. i, p. 134; Regel, PI. Radd.

I, p. 432; Max. Mel. Biol, ix, p. 52; Fr. & Sav. Ennm. r, p. 50, ii, p. 295. C^vul-
gatum, vai'. lyracliypetalam, Fenzl in Ledeb. Fl. Ross, i, p. 408.

Hah. Etorofu, at Furubetsu.

Distrih. Japan, Saghalin, Kamtschatka, Manchuria, Dahuria, Siberia to Europe. Ac-
cording to Regel, also in Sitka.

Var. grandiflorum, Fenzl in Ledeb. Fl. Ross, i, p. 410; Reg. & Til. Fl. Ajan. p. 75.

C. alpinum, var. typicam, Ins. grandijlorum, Reg. PI. Radd. i, p. 442.

Hah. Kurile Islands ! (Max.).

Distrih. Arctic and alpine Europe, Baika land Eastern Siberia, the Aleutian Islands

and Alaska.

37. Cerastium alpinum, L., var. Beeringianum, Regel, PI. Radd. i, p. 435. C Beeringl-

auam, Cham. & Schlecht. in Linn;ea i, p. 62; Hook. Fl. Bor.-Am. i, p. 105. C
vtdgatum, var. Behringiammi, Fenzl in Ledeb. Fl. Ross, r, p. 409.

Hah. Kurile Islands (hei'b. Fisch. ex Regel).

Distrih. Western North America in the Rocky Mountain I'egions and northward to

arctic Alaska; Aleutian Islands, Kamtschatka, Eastern Siberia to the Baikal district.

Var. Fischerianum, Torr. & Cray, Fl. N. Am. i, p. 188; Regel, PI. Radd. i, p. 438;

Max. Mel. Biol, ix, p. 53. G. Fischerianum, Ser. in DC. Prodi-, t, p. 419; F.

Sclnn. Fl. Sach. p. 118.

Hah. Etorofu, at Tsurubetsu.

Distrih. Middle and northern Japan, Saghalin, Manchuria, Dahuria, Eastern Siberia,

Kamtschatka, the Aleutian Islands, Alaska, Arctic America to Greenland.

38. Stellaria media, Yill.; Fenzl in Ledeb. Fl. Ross, i, p. 377; Max. Mel. Biol, ix, p. 42.

Hah. Etorofu, very common at Shana, Furulietsn and elsewhere.

39. Stellaria radians, L., Sp. p. 422; Fenzl in Ledeb. Fl. Ross. l, p. 378; Max. Prim. Fl.

Anun-. p. 59; F. Schm. Fl. Sach., p. 117; Max. Mc'l. Biol, ix, p. 44.

Hah. Etorofu, at Rubetsu and Shana.

Disti-ih. Eastern Siberia, Kamtschatka, Yezo, Saghalin, Manchuria, Dahuria, Baikal

and Altai districts of Siberia.
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40. Stellaria florida, Fisch., ex DC. Prod, i, p. 399; Fenzl in Ledeb. Fl. Ross, i, p.

385; Kegel, PI. Radd. i, p. 418; Max. Mel. Biol, ix, p. 46.

Hab. Kur'de Islands ! (exMax.). .

Distrih. Eastei'u Siberia about the Oeliotsk Sea; Kaintschatka; and the ai|)iiie region

of noithern Manehuiia and Daliuria. Asvar. anyustlfolla,M.-Ax., on the alpine summits

of middle Japan.

41. Stellaria Eschscholtziana, Fenzl in Ledeb. Fl. Ross, i, p. 384; Regel, PI. Radd. i,

p. 418.

Hab. Kui'ile Islands I (herb. Fisch. ex Max.).

Distrih. Kamtscliatka and its adjacent islands.

42. Stellaria ruscifolia, Willd.; Feuzl in Ledeb. Fl. Ross, i, p. 385; Regel &, Til. Fl.

Ajan. }). 74; Regel, PI. Radd. i, p. 419; Max. Prim. Fl. Amur. p. 59, Mel. Biol.

IX, ]). 46.

Hah. Shilvtan, on rocky cliffs along the harbor. Htorofa, at Tsurubetsu.

Distrih. J^ortheastern Manchuria, Eastern Siberia in the Ochotsk district; Kamt-
schatka; northeastern Yezo.

43. SteUaria longifolia, Muhl. in Willd. Enum. Berol. p. 679; Fenzl in Ledeb. Fl.

Ross. I, p, 392; Regel, PI. Radd. i, p. 406; Torr. & Gray, Fl. X. Am. i, p. 185;

F. Scbm. Fl. Sach., p. 118; Max. Mel. Biol, ix, p. 48.

Hah. Kurile Islands! (herb. Fisch.; and Meitens ex' Max.).

Distrih. Subarctic and central Europe, eastward along the higher mountains of

soutbern Siberia to Manchuria, Ochotsk district, Kamtschatka, Saghalin and Yezo;
Aleutian Islands, Alaska to Oregon and Colorado, across British America and the lake

region to Virginia.

44. Stellaria yezoensis, Max. ! Mel. Biol, xii, p. 419. S. pilosula, Fvauchet hi Bull.

Soc. Philom. Paris, avril, 1888.

Hah. Etorofu, at Tsurubetsu.

Distrih. Yezo; in moist woods on both the western and eastern coasts, and north-

ward to Nemuro.

45. Arenaria lateriflora, L.; Hook. Fl. Bor.-Am. i, p. 102, t. 36; Torr. & Gray, Fl. N.
Am. I, p. 182. Moehringia lateriflora, Fenzl, Ann. Mus. Wien, i, pp. 18 and 38;
Ledeb. PI. Ross, i, p. 371; Regel, PI. Radd. i, p. 378; Max. Mel. Biol, ix, p.

35.

Hab. Kurile Islands ! (herb. Fisch.). Shikota7i. ^toro/w, at Shana and Shibetoro.

Distrih. Arctic and cool temperate regions of tlie northern hemisphere.

46. Arenaria peploides, L., var. oblongifolia, Watson, Index, p. 97. Honckenya oblonr/i-

folia, Torr. & Gray, Fl. K. Am. i, p. 176. //. peploides, Ehrh., var. oblongifolia,

Fenzl in Ledeb. Fl. Ross, i, p. 358; Regel, PI. Radd. i, p. 336; Regel & Til.

Fl. Ajan. p. 73; A. Gray, PI. Jap. p. 309. Ammodenia peploides, Rupr.; Max.
Mel. Biol. IX, p. 34.

Hah. Etorofa, at Arimoi and Shana.

Distrib. Coast regions of Yezo, Saghalin, Manchuria, Ochotsk district, Kamtschatka,

Aleutian Islands, Alaska to Oregon.
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PORTULACACEiE.

47. Clajrtonia sarmentosa, C. A. Mey. in Mem. 8oc. Xat. Mosc. vii, p. 137, t. 3; Feiizl in

Leck'lj. Fl. lioss. ii, p. 149. C. CJuimissoi, DC. Pi-odr. iir, p. 301. C. lanceohda,

Hook. & Arn. Bot. Beccliey, p. 123 and 344.

Hab. Kurile Islands! {ex Max.).

Distrih. Alaska and adjacent islands.

Turczaninow, in his Flora Baicalensi-Dahurica, i, p. 431, alludes in a note under Clay-

tonia arctica, Adams, to a i)lant ii-om the Ivurile Islands, which was I'efen-ed to C. acnti-

folia by FalUis. Judging from his descriptions, it seems to me that Pallas' plant may not

Ik- different from C. sarmentosa, var. tenella, Fenzl.

HYPERICACEiE.

48. Hypericum erectum, Tlmnb. ! Fl. Jap. p. 296; Miq. Prol. Fl. Jap. p. 147; Max. Mel.

Biol, xr, p. 168. //. attenuatum, F. Schm. Fl. Sach. p. 119.

Hah. Etorofu, at Shana.

Distrib. Saghalin, Japan, China?

GERANIACE^.

49. Geranium yesoense, Fr. & Sav. Enum. II, p. 305 ; Max. Mel. Biol. X, p. 625. G. erian-

thitm, A. Gray, Bot. Jap. p. 383 (Hakodate specimens) !

Hab. Shil-otan, in grassy places on the beach. Etorofa, at Shana.

Distrih. Common along the coasts of Yezo, from Hakodate to IS^emiu-o, and also' on the

Ishikari beach. The plant seems to be a genuine littoral species.

50. Geranium eriantlium, DC. Prodr. I, p. 641 ; Torr. & Gray, Fl. N. Am. i, p. 206

;

Ledeb. Fl. Ross, i, p. 464; F. Schm. Pi. Sach. 120; Fr. & Sav. Enum. i, p. 69,

II, p. 303; Max. Mel. Biol, x, p. 631.

Hah. Etorofu, at Rubetsu.

Distrih. Northern Japan; Saghalin; northeastern Manchuria; Eastern Siberia in the

Ochotsk region; Kamtschatka and adjacent islands; northwestern North America.

51. OxaUs Acetosella, L. Sp. p. 433; Torr. & Gray, Fl. N. Am. I, p. 211; Ledeb. Fl.

Ross. I, p. 482; F. Schm. Fl. Sach. p. 120; Fr. & Sav. Enum. i, p. 69.

Hah. Etorofu, in the vicinity of Furubetsu.

Widely distributed over the north temperate zone.

52. Impatiens Nolitangere, I.. Sp. \i. 938; DC. Prodr. i, p. 687; Ledeb. Fl. Ross. I, p.

481; Max. Prim. Fl. Amur. p. 71; F. Schm. Fl. Sach. p. 120; Fr. & Sav. Enum.
I, p. 70.

Hah. Kurile Islands! {ex Max.).

Distrih. Japan; Saghalin; Kamtschatka; Manchuria; Corea; northern China; and

throughout northern Asia to Europe.

RUTACE^.
53. Skimmia japonica, Thunb.! Fl. Jap. p. 62; Sieb. & Zucc. Fl. Jap. i, p. 127, t. 68;

A. Gray, Bot. Jap. p. 383; F. Schm. Fl. Sach. p. 121; Fr. & Sav. Enum. i, p. 74.
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Hah. Etorofii, at Fui-iilK'tsu, Ariiiioi and Sliibetoro.

Di'strib. Japan, from the alpine woods of Kiusin to the northern end of Yezo and to

the southern Kiiriles. It was also found in southern Saghalin.

ILICINE^

54. Ilexcrenata, Tluinb. Fl. Jap. p. 78; Sieb. & Zucc. Fl. Jap. Fani. Nat. i, n. 147; Fr.

& Sav. Enuni. i, p. 7(3; F. Schm. Fl. Sach. p. 122; Max. Mem. Acad. Petersb.

XXIX, pp. 21 and 331. /. Thomsoni, Hook. f. Fl. Brit. Ind. i, p. 602 (fide Max.).

TTah. Etorof'u, at Arimoi and Shibetoro.

The Kurile plants are all small straggling shrubs with roundish-obovate leaves (14-

IG mm. in length). The species is found from southern Saghalin southward through the

entire length of Japan, I'ecuri'ing in the temperate region of eastern Himalaya.

55. Ilex rugosa, F. Schm. Fl. Sach. p. 122, t. 3, f. 1-7; Max. Mem. Acad. Petersb. 7e Ser.

XXIX, p. 47; Fr. & Sav. Enum. ir, p. 311.

Hob. Etorofa, at Furubetsu, Shana, and Shibetoro.

Distrih. Saghalin; noilhern and middle Japan.

CELASTRACE.ffi.

56. Evonymus alata, Thunb. Fl. -Fap. p. 98; Miq. Pi'ol. p. 18; Fr. & Sav. Enum. i, p. 78;
Max. Mel. Biol, xr, p. 196; F. Schm. Fl. Sach. p. 121.

Hah. Etorofu, at Arimoi.

Distrih. Japan; Saghalin; southern Manchuria; northern and middle China; Corea.

A small .shi'ub about a foot high with brownish corky protuberances in more or less

irregularly interrupted rows; leaves glabrous beneath; peduncle only one-flowered,

6-61 nim. long; two opposite minute brownish bracts toward the base. I consider the

])lant to be of the typical form. The corky ridges, though not well developed, and the

smoothness of the leaves exclude it from vars. suMriJiora i\,\\i\. j)ubescen,s.

57. Evonymus macroptera, Kupr. in Bull. Phys. Math, xv, PI. Maack, n. 24; Max. Fl.

Amur. p. 75, Mel. Biol, xr, p. 184; F. Schm. Fl. Sach. p. 121.

Hah. Etorofa, at Nobori and Shana.

Distrih. Middle and northern Japan; Saghalin; eastern Manchuria.

SAPINDACE.2E.

58. Acerpictum, Thunb. Fl. Jaj). p. 161; Miq. Prol. ]). 19; Fr. & Sav. Enum. i, p. 87;
Max. Mel. Biol, x, p. 599. A. Mono, Max. Prim. Fl. Amur. p. 68; F. Schm. Fl.

Sach., p. 119.

Hah. Etorofu, at Furubetsu aud Nobori.

Distrih. Japan; Saghalin; Manchuria; northeastern China; Corea.

59. Acer spicatum, Lam. Diet, ii, p. 381 ; Torr. & Gray, Fl. X. Am. i, p. 246.—Yar. uku-

runduense, Max. Prim. Fl. Amui-. p. 65; F. Schm. Fl. Sach. p. 119; Fr. & Sav.

Enum, I, p. 88; Max. Mel. Biol, x, p. 594. Acer ukurnndtcense, Trautv. & Mey.
Fl. Och. p.24.
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Hah. Etoro/n, al Fiirubut.sii and Xohori.

Distrih. Middle and northern Japan; Saghalin, eastern Manchuria and tiie Ochotsk

district.

ANACARDIACE^a:.

60. Rhus trichocarpa, Miq.! Prol. Fl. Jap. p. IG; Fi-. & Sav. Enum. i, p. 95; Englei- in

DC. Monog. Phanerog. iv, p. 379.

Hah. Etorofn, on the Rubetsu side of Nobori.

Distrih. Throughout Japan; Corea.

61. Rhus Toxicodendron, L., var. radicans, Torr. Fl. U. S. p. 324; Torr. & Graj^ Fl. X.

Am. 1, p. 218; Fr. & Sav. Enum. i, p. 93; F. Schm. Fl. Sach. 123; Gray, Bot. Jap.

p. 384; Engler, DC. Monog. iv, p. 394.

Hah. Shikotan. Htorofa, at Furnbetsn.

Distrih. Very widely distributed ni North America from the Atlantic coast to the

Pacific. Also in southern Saghalin and Japan: from Yezo to Shikokn.

LEGUMINOS^ai.

62. Thermopsis fabacea, DC. Prodr. ii, p. 99; Ledeb. Fl. Koss. i, p. 511; A. Gray, Bot.

Jap. p. 385; F. Schm. Fl. Sach. p. 123; Miq. Prol. p. 230; Fr. & Sav. Enum. r,

p. 94; Forbes & Herasley, Index Fl. Sin. p. 150. Sojihora fahacea, Pall. Sp. As-

trag. p. 122, t. 90, f. 2.

Hah. KurHe Islands (e.c Pallas). ii'^o/-o/w, near Tsurubetsu. ShihAan.

Distrih. Ivamtschatka; Saghalin; Japan to Loochoo; Corea; Manchuria; China as

south as Amoy. The plant is restricted to the littoral region.

63. Lupinus nootkatensis, Doini, Cat. Hort. Cant. ; Torr. & Gray, Fl. N. Am. i, p. 375

;

Ledeb. Fl. Ross, i, p. 512; Watson, Rev. Lu[). p. 524. L. macrorhizos, Georgi,

Beschr. d. Russ. R. iii, 4, p. 1162.

Hah. Kurile Islands (Merk, fide Geoi-gi)

.

Distrih. From Vancouver to northern Alaska; Aleutian Islands, to the Kuriles.

64. Trifolium Lupinaster, L. Sp. p. 766; Ledeb. Fl. Ross. I, p. 551; Max. Prim. Fl. Amur.

p. 79 ; Fr. «& Sav. Enum. i, p. 96, ir, p. 324; Forbes & Hemsley, Index Fl. Sin. p. 155.

Hah. Shil'otan, in grassy places along the beach. Etorofu, at Shana.

Distrih. Ivamtschatka to northern and middle Japan, Manchuria, northeastern China,

Mongolia, westward through Siberia to the central part of Russia in Europe.

65. Oxytropis Pumilio, Ledeb. Fl. Ross. I, p. 589; Bunge, Sp. Gen. Oxytrop. p. 115.

Astragalus Pumilio, Pall. Sp. Astr. p. 67, t. 55.

Hah. Knrile Islands (Merk, ex Pallas).

The plant has not yet been found elsewhere. All that we know of it is from the de-

scriptions and figures given by Pallas. Bunge observes that all the characters of this

plant agree very well with those of O. revohdum, Ledeb., Avith the exception of its very

short stalk and smaller bracts. As its ripened fruits were not collected, the important

character of the legume and its stipe is still wanting to settle satisfactorily its true posi-

tion among the most closely related species.
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66. Vicia unijuga, Al. Braiin, App. Ind. Sem. Hort. Berol. 1853, p. 12; Max. Mel. Biol.

IX, p. 65. Orobus latlujroides, L. ; Ledeb. Fl. Koss. i, p. 688; F. Schm. Fl. Sach.

p. 124. O.jnponicus, Sieb. Toelicht. tot de ontd. v. Vries, p. 155. Lathynis Mes-

sersclimidii, Fr. & Sav. Eiuim. i, p 10(3.

Hob. Etorqfu, in roadside thickets in the vicinity of Shana.

The plant is very common on plains and in thickets in Yezo and the northern and mid-

dle provinces of the main island of Japan. Towards the south it is found only in alpine

woods. It also g-rows in Saghalin, Manchuria, Corea and northern China, extending

Avestward to the Altai region of Siberia.

67. Vicia Cracca, L. ; Ledeb. Fl. Eoss. i, p. 674; Torr. & Gray, Fl. IST. Am. i, p. 270; Max.
Prim. Fl. Amur. p. 82; Miq. Prol. p. 238.

Ildb. Shikotan. Etovofa, at Tsurubetsu, and Shana.

This variable species is widely distributed throughout the temperate and suljarctic re-

gions of the northern hemis})here.

68. Vicia amoena, Fiseh. in DC. Prodi". II, p. 355; Ledel). Fl. Koss. i, p. 672; Max. Piim.

Fl. Amur. p. 81; F. Schm. Fl.-Sach. p. 124; Fr. & Sav. Enum. i, p. 104, ii, p.

381.

Hal). JEtorofu, in thickets around Arimoi.

In Saghalin, the plant is said to be common on the whole western coast south of Dui.

It is also widely distributed in the island of Yezo, and in the northern and middle parts

of the main island of Japan. On the continent, it spreads through the entire length of

Sibei'ia from the Ural region toKamtschatka, and extends southward to Corea and north-

ern China.

69. Lathyrus maritimus, Bigel. Fl. Bost. 2nd. ed. p. 268; Torr. & Gray, Fl. N. Am. i, p.

273; Miq. Prol. p. 233; F. Schm. Fl. Sach. p. 124; Max. Mel. Biol, ix, p. 60.

Pisum maritimum, L. ; Ledeb. Fl. Ross, i, p. 661.

Ilnb. TJrup! (e.«Max.). ^7^^A;otore, in sandy beaches at the foot of cliffs. Etorofii, at

Rubetsu and Shana.

Veiy widely distriljuted in arctic and temperate Europe, Asia and North America. The
most southern locality for this plant in the northern hemisphere, so far as I am aware,

is in Japan, where it comes down to the vicinity of N'agasaki (about 32" N^. lat.).

According to Hooker, a similar [)lant was collected at Cape Tres Montes in Patagonia

by Darwin. From the wild and desolate nature of the place, and from the utter absence

of other introduced plants, he concludes that it could not have been imported into this

locality, "one of the most remote and little visited spots of the American continent.'" Fl.

Antarc, it, p. 260.

70. Lathyrus palustris, L., var. pilosus, Ledeb. Fl. Ross. I, p. 686; Max. Prim. Fl. Amur.
p. 83; F. Schm. Fl. Sach. p. 124; Max. Mel. Biol, ix, p. 61.

Ilah. In swampy jjlaces; Etorofu, at Rubetsu and Shibetoro.

The present variety of tliis variable and widely distributed species i-anges tln-oughout

the northeastern part of Asia and adjacent islands, and also in Alaska (Kellogg, U. S.

Coast Survey, 1867). It is very common throughout the island of Yezo; but so far, no

definite localities have been given for it in the main island of Japan. The plant is be-
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lieved by the inhaliitants of Etorofu to have great virtues in hysteria, and ishirgely I)ronglit

back l)y the Japanese sailors and fishermen who visit tliis ishmd. It is known there by
the name of lieuizarasa.

ROSACEA.

71. Prunus Ceraseidos, Max. Mel. Biol, xt, p. (398. Ceraseklos apetala, Sielj. & Zuee.

Miinch. Abliandl. iii, p. 743, t. v, fig. 1. 1-8. Primus apetala, Fr. & Sav. Ennni.

ir, p. 329.

Var. kurilensis. A straggling shrub; the bark of the young branches greyish or grey-

ish-brown and glal^rous; leaves appressed-hairy above, and more or less villose akmg
the veins beneath, oi-bicukar or roundish-oblong, or sometimes obovate at the end of the

l)ranehes, rounded or obtuse at the base, abi'uptly cuspidate at the a])ex, 7-12 (9)-veined,

prominently incised-seri-ate; teeth spreading, 1-3-serrate, and glandular at the ti|)s; pedi-

cels villose; drupe purplish-red (nearly ripened)
;
putamen oval, smoothisli, with three

nearly parallel veins uear its keeled edge. The petiole measures 10-15 mm. long; the

blade, 70 X 52-85 X 60 ram.; the cuspidate tip, 8-12 mm.; the peduncle, 22 nun. long,

and the ]iutamen, 8x5 mm.
Hah. In exposed hill tops along the coast; JiJtorofa, at Eubctsu and Shibetoro.

All that I have seen in the above mentioned localities are straggling shrubs about

three or four feet high. The}' may grow lai-ger in less exposed places.

The plant is most closely related to Primus Ceraseidos, Max. The shape and character

of the putamen, in these two plants, agree vevy well. The only prominent points of dif-

ference between them are in the form and texture of the leaves. In Prunus Ceraseidos,

they are broadly elliptical or obovate, and long-cuspidate, and their texture is less cori-

aceous than that of the Kurile plants. Such differences, however, may be accounted for

by the difference in their localities. In the absence of flowers (which are well charac-

terized in Primus Ceraseidos by the great development of the calyx-tube), it is difficult

to form any decided opinion as to whether the Kurile plants should be separated from

that species or not. So far as my materials allow me to judge, I am inclined to regard

it provisionally as a variety of Prunus Ceraseidos.

Prunus Ceraseidos has been collected, thus far, only in the alpine and subalpine woods
of middle Japan.

72. Prunus Maximowiczii, Rupr. in Bull. Acad. St. Petei'sb. XV, p. 131; Max. Prim. Fl.

Amur. p. 89; F. Schm. Fl. Sach. ]). 125; Fr. & Sav. Emum. i, p. 118; Max. Mel.

Biol. XI, p. 700.

IRib. Etorofu, in deciduous woods in the vicinity of Furubetsu and Arimoi.

The plant is found throughout the entire length of Japan; also in Corea, eastern Man-
churia and Saghalin.

73. Prunus Ssiori, F. Schm. Fl. Sach. p. 124; Max. Mc'l. Biol, xi, p. 707; Fr. iVr Sav.

]<]num. I, p. 119, 11, p. 330; Forbes & Hemsley, Index Fl. Sin. p. 221.

JIah. Etorofu, in deciduous woods in the vicinity of Furubetsu.

Distrih. Southern Saghalin, northern and middle Japan, northeastern and central

China.
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74. ?Prunus sp., Ledeb. Fl. Koss. ir, p. 9.

Hah. Urtq) and JStorofu (Pallas).

In his "jS^eiie nordische Beitriige," iv, pp. 131, 133, Pallas mentions a tree from the

southern Kuriles, which has the appearance of a bii'cli with l)ii'ch-like leaves, but with the

tlowers o? Prunas Padus (Traubenkirschen), and having hard Avood. From this simple

description, though graphic, it is rather hard to conjecture what species of Prnnus or

other plant is here meant. To me it seems to apply vei-y well to Primus Ssiori, which

I have found in Etorof'u. The latter plant has flowers very much like those of P. Padtis.

Its bark looks like that of a birch, and can be peeled off" like that in large pieces. Its

wood, Avhich is very hard and tough, is used in Yezo for oars, sledges and similar pur-

poses. But its leaves can hardly be called birch-like.

Professor Maximowicz takes the plant referred to by Pallas to be Sorhus alnifolla,

C. Koch (Mel. Biol, ix, p. 659, in a foot-note, and also in his letter). As its name
suggests, the venation of the leaves of 8. alnifolla is very mnch like that of JLlmts.

Its wood is very strong and hard, but its inflorescence is diflerent from that of P.

Padus. 8. alnifolia has been found in Manchuria and also in the subalpine woods of

middle Japan, extending northward to Yezo, whei'e I have collected it even as far north

as at Aliashiri on the Ochotsk coast. Though no one has ever yet seen or collected

8. alnifolia in the Kurile islands, it is not at all improbable, judging from its range of

distribution, that it does occur there.

75. Aruncus Sylvester, Kost'el.; Max. Act. Hort. Petrop. vi, p. 169. 8pircea Aruncus, L.

;

Ledeb. Fl. Ross, n, p. 16.—Var. kamtschatica, Max. I. c. '\>. 170.

Hal). Kurile islands (_/?fZe Max.).

I have adopted in this and the following species the nomonclature set forth by Pro-

fessor Maximowicz in his revision of the 8piraiace. According to him, this variety has

a limited range of distribution in extreme Eastern Siberia, Kamtschatka and the northern

Kuriles. The species has a ver}'^ wide range of distribution in the temperate and sub-

arctic regions of Europe, Asia and Xorth America.

76. Spiraea betulifolia. Pall. Fl. Ross, i, p. 33, t. 16; Ledeb. Fl. Ross, ii, p. 14; Torr. &
Gra}^ Fl. X. Am. i, p. 414; Max. Act. Hort. Petrop. vi, p. 207.

Hal). Shikotan.

My Kurile ])lant belongs to vai-. tijjiica, fl. ochroleuco, Max., which has been found in

British Columbia and Alaska, and also in Eastern Siberia, Kamtschatka, Manchuria, Sag-

halin and northern Japan. In N^orth America the species is more widely distributed, oc-

curring in two or more well definable forms. As var. corymbosa, it is found from the

Atlantic to the Pacific coasts. As var. typica, fl. roseo, it occurs in the Pacific regions of

]S^orth America, in the Rocky Mts. and Sierra N^evada. The same form has been also

found in the southeastern part of Manchuria.

77. Sorbaria sorbifolia, A. Br. in Aschers. Fl. Brandenb. p. 177; Max. in Act. Hort.

Petrop. vr, p. 223. 8p)lra'a sorhifoUa, L.; Ledeb. Fl. Ross, ii, p. 15; F. Schm.

Fl. Sach. ]>. 126.—Yar. steUipila, Max., I. c.

Hah. 8Jiikotan.
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Distrlb. Throughout the ishind of Yezo from Hakodate to the Ochotsk coast; the

island of SaghaHn; the eastern and southern portions of Manchuria and in Eastern Si-

beria. The plant has not yet been found in the main island of Japan.

On the continent, a vai'icty having glabrous leaves is more couunon and more -widely

distributed thi-oughout the entire extent of Siljeria from the Ural regions to Kamtschat-

ka; and also in Dahuria, Manchuria and Saghalin.

78. Filipendula kamtschatica, Max. in Act. Iloit. Petrop. vi, p. 248. Sjjircea Jcam-

tschatica,Va\\. Fl. Eoss. r, p. 41, t. 28; Ledeb. Fl. Ross, ii, p. 19; Max. Prim. Fl.

Amur. p. 93; F. Schm. Fl. Sach. p. 126.

JJah. KurHe Inlands! (herb. Fischer). Sliil'otan. i?to/'q/«, at Furubetsu.

Distrlh. In Japan, it is very common in the northern provinces, attaining an enor-

mous size, especially in sv^^ampy places in the woods. It is also found in Saghalin and

eastern Manchuria, and in Kamtschatka to the Aleutian Islands.

79. Filipendula palmata, Max. in Act. Hoi-t. Petrop. vi, p. 250. Sjnrwa jxilmata. Pall.

Peise in, App. p. 735, t. 2, f. 1, and Fl. Ross, i, p. 40, t. 27; Forljes & Hemsley,

Index Fl. Sin. p. 226. Spircea diyitata, Willd. Spec, n, p. 1061 ; Ledeb. Fl.

Ross. II, p. 17.

Hah. Kuriles ! (ca;Max.).

Distrib. Fi'om Kamtschatka, throughout Eastern Siberia to Dahuria and soiitheast-

eru part of Mongolia; also in Manchuria, Corea and northern China. It has also been

found in Saghalin.

80. Rubus Chamaemorus, L. ; Ledeb. Fl. Ross, ii, ]). 71; Torr. & Gray, Fl. N". Am. i,

p. 451; Gray, Bot. Jap. ]x 187; F. Schm. Fl. Sach. p. 128; Max. Mel. Biol, vm,
p. 374.

JIab. Kuriles
J
northern {ex Pallas)

.

Distrib. In Japan the plant has been found ouly in the island of Yezo, whei-e it

was collected by J. Small at Cape Romanzoff (45i° N. lat.), by Dr. Albrecht at Hako-
date, and by the writer in a sphagnous bog near Sapporo. The plant is very widely

distributed throughout tlie arctic and subarctic I'egions of the northern hemisphere.

It is noteworth}' that this arctic plant descends further southward in the islands of

Japan (41°) than in any other portion of the noith temiJerate zone. ISText comes the

Atlantic coast of North America, where it descends as far south as 44"; in Europe, to

50" in alpine disti-icts; in northwest America to 52".

81. Rubus Idaeus, L., var. strigosus, Max. Mel. Biol, viii, p. 394; Foche in IS'aturw. Yer.

zu Brem. iv, pp. 147 and 156. liiibus strigosus, Miclix. Fl. Bor.-Am. i, p. 297;

Torr. & Gray, Fl. IST. Am. i, p. 453. Euhus Idwus, Max. Pi-im. Fl. Amur. p.

99. liubus Idceus, var. micropliyllns, Tui'cz. Fl. Baic.-Dah. i, p. 370. liubus

Idoius, var. aculeatissimus, C. A. Mey. in Reg. & Til. Fl. Ajan. p. 87; F. Schm.
Fl. Sach. p. 128.

Hab. Shikotan, on hillsides.

Distrib. Yery common throughout the island of Yezo and also in the northern ]irov-

inces of the main island of Japan. It occurs also in Saghalin, Manchuria and Siberia,

from the Altai region to Kamtschatka. The plant is, however, most widely distributed

in the sul)arctic and temperate regions of North America.
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Georgi, ill his " Geograpliiscli-physikalische und naturhistorisehe Besehreibung des

Russischen Reichs," iir, 4, p. 102?), mentions the occarrence of Rahus frutlcosus, L., in

the Kurile Islands. It is most probable that he mistook some other black-berried species

for the phiiit, f(jr we know that Hub/is frutlcosus has thus far been found in a wild state

only in Europe and in western Asia as far east as the western temperate Himalaya.

Growing in Yezo and in the alpine districts of the main island of Japan there is a

species of Ruhus with a fruit which is dark-purple when ripe. In its general characters

it approaches very closely Ruhus occidentalis of !N^orth America. It forms a shrubby

bush, with somewhat recurved steins, which are generally destitute of prickles and glau-

cous. Young branches and petioles are villosely tomentose, armed with more or less

recurved prickles, and often covered with glandular hairs, which are especially promi-

nent on peduncles and pedicels. The leav^es are pinnately 3-foliolate ; the leaflets broadly

ovate, coarsely doul)ly-serrate, canescently tomentose l)eneath, the terminal sometimes

subcordate at base, and the lateral distinctly short-petioled. The midribs ai-e armed be-

neath with a few recurved prickles, and the stipules are setaceous. Axillary peduncles

1-3-fiowered, the terminal genei'ally 8-10-flowered in a close rounded corymb; pedicels

once to twice the length of the cal)x lobes, and both calyx and pedicel destitute of

])rickles. The fruit is roundish, glaucous, and dark-])ur[)lc when ripe. A partly ripened

fruit when dried hardens up close to the stones, showing the lacunose markings on the

surfiice.

From the typical form of Ruhus occidentalis it is distinguished chiefly by its younger
branches being villosel}^ tomentose intermixed often with glanduhir hairs, and by its jied-

icels being destitute of prickles. The fruits are somewhat smallci' and much more closely

clustered. In other respects there are striking resemblances between these two plants.

From Ruhus Idceus, var. strigosus it is easily distinguished by the petioled lateral leaf-

lets, by the absence of prickles on the calyx, by the shape of the inflorescence, and above

all ])y the color of the rij^ened fruits.

This plant has generally been taken in Japan to be a variety of Ruhus Idceus, doubt-

less from the fact that its ripened fruits were not known to collectors. From the de-

scriptions given by Franchet & Savatier of their R. Idceus, var. exslcca, there is no doubt

that their plant is the same as ours. Our plant, however, is very closely related to R.
occlclentalis and should not be placed under R. Idceus. As the former is a variable plant

and is very widely dispersed through the continent of ]N"orth America,' I prefer to con-

sider our plant as its variety I'ather than as a distinct new species :

—

82. Rubus occidentalis var. japonicus, L. Sp. p. 493; Torr. & Gray, Fl. X. Am. i, p. 453.

R. Idceus, var. exsicca, Fr. & Sav. Enum. ii, p. 334; Matsumura, Cat. PI. Herb.

Imp. Univ. Tokyo, p. 57.

Hah. In the alpine woods of middle Jajyan: Komagatake, Prov. Shinano (Yatabe)
;

Nikko (Savatier) ;
" N'iiihon media" (Tschonoski!) ; Yczo: in rich alluvial woods, Sapporo

(K. M., J uly, 1880, fl.) ; in cleared forests, Samani Sando, Prov. Hidaka (K. M., Aug. 19,

1884, fr.) ; Kurile Islctnds ?(Geovgi)

.

83. Geum strictum, Ait. Iloi't. Kew. n, p. 217; Ledeb. Fl. Ross, n, p. 22; Torr. & Gray,

' Koclu', l!at<);j;niiiliisclii' Abliaii.l. in Naliirw. \'i'i-fiii zu IJrrnii'ji iv, |i|;. 117 anil 105.
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Fl. N. Am. I, p. 421; F. Schm. Fl. Sach. p.l2(3; Fr. & Sav. Enuin. i. p. 128, ii, p.

335; Scheutz, Prod. Monog. Georuni, p. 28.

Ilah. l^torofu, in the vicinity of Furiibetsii.

Distrih. Eastern Europe, northern Asia, northern and middle China, Corea, Japan,

IS^orth America, South Amei-ica and New Zealand.

84. Geum macrophyUum, AVilld. Eniim. I, p. 557 ; Torr. & Gray, Fl. N. Am. I, p. 421

;

Ledeb. Fl. Koss. ii, p. 23; F. Schm. Fl. Sach. p. 12G. G. japonicum, Schentz,

Monog. p. 31 (not Thnnb., and excl. Jap. plants).

Hcib. Kurile Islands (ex F. Schmidt).

There is great confusion in this group of* Geum, evidently caused l)y a striking simi-

larity in the character of the akenes and by a variabiUty in the shape of the leaves and in

the pubescence. For instance a gradual transition is found l)etween G. macropliyUam

and stricfum. F. Schmidt denies even the value of the hairs on the receptacle as a reliable

distinguishing character among the Asiatic plants.

Examination of a large number of the American specimens of these species in the (J ray

Herbarium indicates that the i-eceptacle of G. macropliyUuin is always suljglabi'ous, or

at least very much less hairy than in the case of G. strictiun. In G. inacrophijlliim, the

large and round-heart-shaped terminal leaflets of the radical leaves and also the bristl^^

hairiness of the stem and petiole are quite constant; while in G. stricfum these characters

are exceedingly vai'iable.

N. J. Scheutz in his monogi-aph of the genns Geum brings together G. japouicmn,

Thunb.,and G.macrophyUu,m,V^\\\(\.., as one and the same species. But there are many im-

])ortant points of difference between these two plants, which seem to prove verj^ distinctly

that they are as distinct from each other as any two related species in tins genus. G.

japonicum has softer and densei- pubescence, and is generally more or less bent in a zig-

zag way; its upper cauline leaves are rounded and petioled and dentate, and not coarsely

serrate or doiibly-serrate as in G. niacropliijllinn. The most important distinguishing

character is that the receptacle in the former is even more hairy than in G. strictum,

thongh Scheutz describes it as glabrous or obscurely pubescent.

Distrih. Widely spread in Korth America from the Atlantic to the Pacific coasts;

Aleutian Islands; Kamtschatka and Kurile Islands.

85. PotentiUa fruticosa. L., Sp. p. 495; Gcorgi, Besch. iii, p. 1033; Ledeb. Fl. Ross, ii,

]). 61; Torr. & Gray, Fl. N. Am. i, p. 445; Lehm. Rev. Pot. p. 16; Max. Mel.

Biol. IX, p. 157; Fr. & Sav. Enum. i, ]). 133.

Hah. Kurile Islands {ex Georgi). Shikotan, on hillsides and grass}' places on the

beach.

Distrih. Northern and western Europe, northei'n Asia, Himalaya, northern China,

northern and middle Jaj^an, Saghalin and North America.

The inhal)itants of the northern Kuriles are said to drink a decoction of its leaves as

a tea.

86. PotentUla fragarioides, L., var. stolonifera, Max. Mel. Biol. ix.p. 160; Hook, f , Fl. iSrit-

Ind. II, \). 351. P. stolonifera, Lehm. in Ind. Sem. H. Bot. Hambg., 1831, n. 5,

and Revis. Pot. p. 44, t. 15; Ledelj. Fl. Rt»ss. ii, p. 38. P. fragarioidrs, Schlcdit.

& Cham, in i/nuuea, ii, p. 25.
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Hah. Skil-otan, in grassy places on the beach. Etorofu, at Furubetsu.

My Kni'ile specimens correspond very well with the fignre and description of Lelnnann

in his Revisio Potentillarum. Some of the radical leaves of the plant collected at Furn-

betsn attain the enormons length of 30 cm. These leaves have in all cases only two

pairs of lateral leaflets; while the smaller leaves have generally three pairs, the pairs de-

creasing in size toward the base. The akenes are glal^rous, and sometimes more or less

wrinkled; the styles snbterminal, and slightly shortei- than the akenes; and the receptacle

very hairy.

P. fragiformis vav. japonica, A. Gray, Bot. Jap. p. 387, which Professor Maximowicz
makes a synonym of our present plant, proves accoi-ding to the oi'iginal specimen to be

P. fragarioides, vnr. tentata.

Disfrib. Kamtschatka and adjacent islands, Saghalin, Japan, and eastern Himalaya

(ex Max.).

87. Potentilla fragiformis, Willd. in Magaz. d. Gesellsch. natnrf. Freundc zu Berl. vn, j).

294; Ledeb. Fl. Eoss. ii, p. 59; Ser. in DC. Prodr. ii, p. 586; Lehm. Monog.
Pot. p. 163, t. 15, and Rev. Pot. p. 155; Keg. & Til. Fl. Ajan. p. 85; Max. Prim.

Fl. Amnr. p. 96; F. Schm. Fl. Saeh. p. 127; Watson in Proc. Am. Acad, virr, p.

559; Forbes & Ilemsley, Index Fl. Sin. ]). 242. P. grandlflora, L., vnv. fragifor-

mis, Ser. in DC. Prodr. p. 572. P. grandiflora, Max. Mel. Biol, ix, p. 161.

Ilah. Kurile Islands! (ex Max.). Etorofa, on rocky cliffs near Rubetsn.

Densel}^ villose; stem ascending, 20-30 cm. long; radical leaves moderately villose

(in small older leaves), or densely silky villose (in yonnger larger leaves) ; leaflets rhom-

bic cuneate; teeth deeply cut, oblong and obtuse; cyme generally about 5-flowered ; bract-

lets broadly ovate and obtnse, shorter than the lanceolate or ovate-lanceolate sub-acute

sepals; sepals and Ijractlets erect in fruit, enclosing many smooth akenes which are more

or less distinctly keeled.

The plants collected at Kombnmori and I^emnro on the northeastern coast of Yezo
were equally large and were in flower. The flowers are very large, measuring about

40 mm. across.

Distrih. Sibei'ia from the Altai region to Kamtschatka ; Manchui'ia, northeastern and

middle China, Saghalin, Yezo, Aleutian Islands, Alaska to Washington Ti'rritoiy.

Professor Maximowicz considers the European P. grandiflora, L., and P. fragiformis,

Willd., of northeastern Asia, as identical, on the ground that the distinctive characters

based on the bractlets and the teeth of the leaves do not hold very well in every case. lie

includes under the same species P. gelida, C. A. Me}'., and also P. villosa. Pall., as its

varieties. A similar opinion is endorsed by Sir J. D. Hooker in his Flora of British India,

II, p. 357, in connection with P. gelida.

So far as the materials at my hand allow me to judge, there seems to be a well marked
distinctive character in the ripened akenes of these plants, Avhich if proved to be constant

in all other eases woidd help not a little in determining their relative position.

Potentilla grandiflora

:

—Akenes ovoid, glabrous, obtusely and obscurely ridged on the

margin, with lour prominent curved veins running almost parallel (" arcuato-rugosis "

of Scringe)

.
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P. fixigiformis

:

—Akenes eloiigatecl-ovoid, larger (1.8 mm. long), smooth, with a moi-e

or less prominently keeled ridge on the margin, the veins inconspicnous.

P. villosa:—Akenes elongated-ovoid, smooth, with the margin more or less prominently

ridged, the veins ineonsi)icnons.

P. gelida:—xVkenes ovoid, glahrons, with S^distinct curved veins running almost [)ar-

allel, obtusely ridged.

It will be seen from the characters of the i-ipened akenes, that P. grandiflora and geli-

da are closely related ; Avhile P. fragiformis and villosa form another group.

88. Potentilla anserina L. Sp. p. 405; Ledeb. Fl. Ross, il, p. 44; Lehm. Rev. Pot. p.

1S8; AVatson, Proc. Am. Acad, viu, p. 562; Fr. & Sav. Enum. i, p. 131.

Hal). Etorofa, at Rausu.

Distrib. Arctic and temperate regions of Europe, Asia and North Amci-ica. Also

in South Amei'ica and Australia.

89. Agrimonia Eupatoria, L. Sp. p. 448; Ledeb. Fl. Ross, ii, p. 31 ; Torr. & Gray, Fl. IST.

Am. I, p. 431; Foi-bes & Ilemsley, Ind. Fl. Sin. j). 24G. A. jMosa, Ledel). Ind.

Sem. II. Dorp. Suppl., 1823, p. 1. A. viscidula, Bunge, Euum. PI. Chin. Bor.

p. 26.

Hah. SMlvotan.

Distrih. Throughout the temperate regions of the northern hemisphere.

90. Sanguisorba tenuifolia, Fisch. ex Link., Enum. PI. Hort. Borol. i, p. 144; Ledeb. Fl.

Ross. II, p. 28; Max. Mel. Biol, ix, p. 152.—Yar. alba, Tiautv. & Mey. Fl. Ochot.

p. 35 ; Max., I. c, p. 153. Poterium tenuifolium, var. album, Fr. & Sav. ii, p. 342

;

Forbes & Hemsley, Ind. Fl. Sin. p. 247.

Hab. Shikotan. Etorofu, at Rubetsu.

Distrib. Eastern Siberia, Ivamtschatka, Manchuria, Dahuria, China, Corea, northern

and middle Japan and Saghalin.

91. Rosa acicularis, Lindl. Ros. Monog. p. 44, t. 8; C. A. Me3T'r, Zimmtrosen, p. 15;

Crepin, Prim. Monog. Ros. p. 299; Regel, Tent. Ros. Monog. p. 18.

Hab. Etorofu, in roadside thickets at Tsurubetsu.

Distrib. Europe, northern Asia, China, northern and middle Japan, and in Xorth

America.

92. Rosarugosa, Thunb. Fl. Jap. p. 213; C. A. Mey., Zimmtrosen, p. 32; Crepin, Piim.

Monog. Ros. p. 336; Regel. Tent. Ros. p. 24; Sieb. & Zuec. Fl. Jap. i, p. m, t.

28. R. lamfschatica, Red. Ros. i, p. 47.

Hab. On the sandy beach: Shilotan. Etorofu, at Tsurubetsu, Shana and Shibetoro,

Shimushu (S. Akakabe). Kuriles {ex Georgi, Pallas).

Distrib. Japan, Saghalin, Kamtschatka, Manchuria, Corea and China.

93. Pyrus sambucifolia, Cham. & Schlecht. in jjinn;ea, ii, ]). 36; Torr. & Gray, Fl. 1^. Am.
I, p. 472; Ledeb. Fl. Ross, ii, p. 99; Max. Prim.Fl. Amur. p. 103, and Mel. Biol.

IX, p. 172 (under Sorbus).

Hah. Kurile Islands (ex Pallas) . Etorofu, vei-y common on hillsides, forming stunted
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slinibs, a foot to three feet in height in exiJosed jjUxees, as at Rnbetsu and Shibetoro, or

attaining- a height of eight to ten feet in sheltered places, as at Fnrubetsu and Arimoi.

Distrib. Manchnria, Eastern Siberia along the Ochotsk Sea to Kanitschatlva, Saghalin,

middle and northern Ja])an, islands in the Behring Sea, Alaska to the Sierra ]S^evada

and Rocky Mountains (to Colorado), and eastward throngh British America to Labrador
and northern New England.

SAXIFRAGACE^.

94. AstUbe Thunbergii, Miq. Prol. FI. Jap. p. 2G0; Fr. & Sav. Enura. I, p. 143; Forbes

& Hemslcy, Index FI. Sin. p. 2GG. IloUda Thunhergii, Sieb. & Zucc. Fl. Jap.

Fam. Nat. ii, p. 367.

Ilah. Etorqfu, at Furubetsn.

Distrib. Japan and central China.

95. Saxifraga fusca, Max. Mel. Biol, viii, p. 602; Fr. & Sav. Enum. i, p. 146, ii, p. 354.

Ilab. Etorofu, along a shady stream near Tsurnbetsn.

Distrib. Common in the island of Yezo, and rarely in the sul)alpine regions of middle

Japan.

The plant is closely related to Saxifraga punctata, L., which gi-ows in the subalpine

regions of northeastern Asia, extending to Alaska and the Rocky Mountains.

96. Saxifraga reflexa, Hook. Fl. Bor.-Am. I, p. 249, t. 85; Engl. Monog. Saxif. p. 143;

A. Gray, Proc. Am. Acad, xx, ]i. 11. S. Tilingiana, Regel in Regel & Til. Fl.

Ajan. p. 94; Engl. Monog. p. 142. S. SachaUnensis, F. Schm. FI. Sach. p. 133.

8. Virgiyiiensis, var. jezoensis, Franchet in Bull, de la Soc. Philom. de Paris, avril,

1888.

Ilab. Shil-ofan, on rocky clifis.

I have followed Dr. Gray in referring our plant as well as S. Tilinginna. to Hooker's

8. rejiexa, which he distinguishes from 8. virglniensis hy the, ioWowm^^ chai-acters:—
" calyx reflexed in oi- after anthesis, almost free; pedicels all slender and longer than calyx;

filaments disposed t(j be upwardly dilated, sometimes conspicuously so,"— /. c, p. 10.

There is a great variation in the nature and amount of the pubescence, and in the shape

of the leaves, with all gradations between the extremes.

Distrib. Common in the middle and northern ])arts of Yezo, in southern Kuriles and
Saghalin; also in Eastern Siberia about Ajan; and in North America, from Arctic Alaska
southward along the northern Rocky Mountains, thence along the Cascades and the

Sierra Nevada to southern California.

97. Saxifraga Merkii, Fisch. in Sternb. Rev. Sax. Suppl. i, p. 1, t. 1, f. 3, ii, p. 19; Ser. in

DC. Prodr. iv, p. 24; Engl. Monog. Sax. p. 208.

Ilab. Second Island (Paramushii-) \ (ex Max.).

Distrib. About the Baikal Lake, Ajan (Small !) , Kamtschatka and the Kurile Islands

;

as var. Idsurosi, Engl., in the alpine district of middle Ja])an.

98. Saxifraga bronchialis, L. Sp. p. 400; Ledeb. Fl. Ross, ii, p. 207; Hook. FI. Bor.-Am.
I, p. 254; Engl. Monog. Sax. p. 215.
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Ilah. Shikotan, on rocky cliffVj.

Distrlh. Ai'ctic Russia in Europe, and throug'liDut iiortliorn Asia to Alaska, and on

the Sierra ]S^evad;i and Cascade Range, and the Rocky Mountains as far south as New
Mexico.

99. ClirysDspleniumkamtsohaticuin, Fisch. in Dd. Prod;-. IV, p. 48; L3deb. Fl. Ro^s. ir,

J).
227; F. Selnn. Fl. Saeli. p. 134; Max. Mel. Biol, ix, p. 763. C opiiositifollum,

Cham, in Linnjea, vi, p. 557.

Hcib. Urup ! {ex Max.)

.

Distrih. Extreme Eastern Siberia, Kamtschatka, the Kui'iles and Saghalin.

100. Parnassia palustris, L. Sp. p. 273; Ledeb. Fl. Ross, i, p. 202; Torr. & Gray, Fi.

N. Am. I, p. 148; Miq. Prol. Fl. Jap. p. 261.

Hah. Urup! (ea;Max.). ^torq/«, in the vicinity of Rubetsu.

Distrih. In the subalpine and subarctic regions of the northern hemi.sjjhere.

101. Hydrangea scandens, Max. Rev. Ilydr. As. Or. p. 16; F. Schm. FI. Sach. p. 130.

//. cordifolia, j^diolaris and hracteata, Sieb. & Zucc. Fl. Jap. p. 113, t. 51), f.

II, p. 106, t. 54, p. 176, t. 92. II. petiolaris, Fr. & Sav. Enum. i, p. 153.

Hah. Etorofu., in deciduous woods near Furubetsu.

This polymorphous species is strictly insular, so far as we are informed, dispersed

fi-om the subalpine regions of Kiusiu to the southern part of Saghalin and the Kui'iles.

Several varieties have been proposed by dift'erent authors, but in nature there is such a

gradual transition between them as to make their use almost impossible.

102. Ribes triste, Pall, in Nov. Act. Petrop. x, p. .378; Ledeb. Fl. Ross, ii, p. 198; Max.

Mel. Biol. IX, p. 235. R. melariclwliuin, Sicvers ex Pallas I. c. H. jJi'^J^inquimi,

Turcz. in Bull. Mosc. (1840) p. 70; Max. Prim. Fl. Amur. p. 119. liihes rubrum,

\av. 2^ro2nnquum, Trantv. & Mey. Fl. Ochot. p. 40; Reg. & Til. Fl. Ajan. p. 93.

Hah. Kurile Islands! {ex Turcz., Max.).

Distrih. Eastern Sibeiia about the Ochotsk Sea to arctic Siberia and to the Baikal

region; also in northern Manchuria, and in the Kurile Islands.

CRASSULACEiE.

103. Sedum Rhodiola, DC. Prodr. ill, p. 401 ; Ledeb. Fl. Ross, ii, p. 179; Reg. & Til. Fl.

Ajan. p. 89; A. Gyhj, Manual, p. 172; Max. Mel. Biol, xi, p. 734.

Hah. Kar lie Islands (e.3? Reg. & Tiling). Urup! (Wrangell). ShiJcotan, on. rockj

cliffs along the harbor. Etorofu, at Tsui'ubetsu.

This polymorphous species is widely distributed in the arctic and alpine regions of Eu-

rope, Asia and North America; especially common on marine clilfs in high latitudes.

104. Sedum kamtschaticum, Fisch. in Ind. Sem. Hort. Petrop. vii, p. 54; Ledeb. Fl.

Ross. II, p. 182; F. Schm. Fl. Sach. ]). 132; Max. Mel. Biol, xr, p. 759. Sedum
hyhriduvi, A. Gra}', Bot. Jap. p. 427.

Hah. Slilliotan, on rocky clitfs about the harbor.

Distrih. Eastern Siberia, Kamtschatka, Manchuria, Saghalin, Japan, Corea and

China.
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ONAGRAKIEJE.

105. Epilobium Behringianum , Haussk. Monog. Epiloh. p. 277. E. origanifolium, Cham.
& Sc'hiecht. ill Liima'a, ii, p. 553.

Ilab. Ivuriles; JJrup (hb. Petrop. ex Haussk.).

Distrih. Sitka through the Aleutian Islands to Karatsehatka and the Kurile Islands.

106. Epilobium Bongardi, Haussk. Monogr. Epilob. p. 278. E. roseum, Bong. Ve^'.

Sitcha in Mem. Ac. Petrop. (1833) vi, p. 135; Ton-. & Gray, Fl. K Am. i, p.

489; Ledeb. Fl. Eoss. ii, p. Ill (in part). E. Ilornemanni, Bong. I. c. p. 13G;

Ledeb. I. c. p. 112 (in part).

Hah. Urnp (hb. Petrop., e.i? Haussk.)

.

Distrih. Insular,— Sitka, through the Aleutian Islands to Kamtschatka and the Kur-
ile Islands.

107. Epilobium latifolium, L. Sp. p. 347; Ledeb. Fl. Ross, n, p. 106; Torr. & Gray, Fl.

i^. Am. 1, p. 187; Trautv. & Mey. Fl. Och. p. 38; Clai-ke in Hook. Fl. Brit. Ind.

II, p. 583.—Var. kamtschatica, Haussk. I. c. p. 191. E. Kamtschaticum, Led. in

JSTova Act. Petrop. xi, p. 370, t. 6.

Ilab. Ivuriles (Vahl. in hb. Willd.). Uriip! (ex Max., Haussk.).

Distrih. The species is widely distributed in the arctic and northern temj)erate re-

gions of Asia, IsTorth America, and the extreme north of Eui'ope; and in the alpine dis-

tricts of West Himalaya, and of western North America to Colorado and California.

108. Epilobium lactiflorum, Haussk. Monog. p. 158.

Hah. Kurile Islands (hb. Fisch. ex Haussk.).

Distrih. Scandinavia, Iceland, Greenland, Labrador to Sitka, extending south into

the Lake region and the White and Rocky mountains ; Kamtschatka and the Kuriles.

109. Epilobium angustifolium, L. Sp. p. 347 ; Ledeb. Fl. Ross, n, p. 105 ; Torr. & Gray,
Fl. N. Am. I, p. 487; Trautv. & Mey. Fl. Och. p. 37; Reg. & Til. Fl. Ajan.

p. 88; F. Schm. Fl. Sach. p. 129; Haussk. Monog. p. 37. E. sjncatum, Lam.' PI.

Fr. p. 1077; Fr. & Sav. Enum. i, p. 168.

Hah. ^foro/«, at Furubetsu and Shibetoro. Urup (leg. Mertens, ea- Haussk.).

Distrih. Widely spread in the arctic and temperate regions of Europe, Asia and North
America.

110. Circaea alpina, L. Sp. p. 9; Ledeb. Fl. Ross, ii, p. 114; Hook. Fl. Bor.-Am. i,

p. 215; A. Gray,Bot. Jap. p. 389; F. Schm. Fl. Sach. p. 129; Fr. & Sav. Enum!
I, p. 170.

Hah. Shikotan. Etorofu, at Furubetsu.

Distrih. Europe, northern Africa, and in the cool temperate and alpine regions of

Asia and North America.

UMBELLIFER^.
111. Aegopodium alpestre, Ledeb. Fl. Alt. i, p. 354, Fl. Ross, ii, p. 248; Trautv. & Mey.

Fl. Ochot. p. 43; Reg. & Til. Fl. Ajan. p. 96; Max. Prim. Fl. Amur. p. 124; F.

Schm. Fl. Sach. p. 135.

MEMOIRS BOSTON SOC. NAT. HIST., VOL. IV. 33
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Hcib. SMTcotan, in grassy places, on top of cliffs.

Distrib. From the Altai and Baikal regions of Sibei-ia to the Ochotsk district, and

northern Manchuria; Saghalin, and Yezo (Sapporo, Prov. Ishikari; Saruru Sando,

Prov. Ilidaka; Olsiiishi, Prov. Nemuro).

112. Anthriscus sylvestris, lloffm. Umbel, pp. 40,46, t. i, f. 19; Ledeb. Fl. Koss. p. 346;

A. Gray, Bot. Jap. p. 390; Fr. & Sav. Ennm. i, p. 183. Chxjerophyllum sylves-

tre, L.; Geoi-gi, Beschr. d. Russ. R. ni, 4, p. 855. Anthriscus neniorosa,^.

Schm. Fl. Sach. p. 140.

Iluh. Kurile Islands (Steller ex Geoi-gi). Etorofu, at Furubetsn, and Shana.

Distril). Europe, northern Africa, noithern Asia, northeastern China and Japan.

113. Ligusticum scoticum, L. Sp. p. 250; Ledeb. Fl. Ross, ii, ]). 286; Max. Mel. Biol.

IX, p. 249; Coulter & Rose, Rev. ^. Am. Umb. p. 85. Ilaloscius scoticum,

Fries Summa Yeget. Scand. i, p. 180; Max. Fl. Amur. p. 126; F. Schm. Fl.

Sach. p. 135.

Hah. Etorofu, at Tsnrnbetsu.

Distrib. The coast regions of the arctic and north temperate regions of Europe,

Asia and JS'orth America.

114. Pleurospermum austriacum, HolFm. Umb. p. Yiii; DC. Prodr. iv, p. 244; Ledeb. Fl.

Ross, ir, p. 360; Turcz. Fl. Baic.-Dah. i, p. 512; Max. Prim. Fl. Amur. p. 130;

Forbes & Hemsley, Index Fl. Sin. p. 333. P. hamtschatlcum, Hoffm. Umbel.

p. x; Ledeb. Fl. Ross, ir, p. 361; F. Schm. Fl. Sach. p. 140; Fr. & Sav. Enum.
I, p. 186. P. uralense, Hoffm. I. c.

Ilab. IStorofu, at Rubetsu.

Distrib. Central and eastern Europe, across southern Siberia to Manchuria and north-

eastern China, Saghalin, northern and middle Japan and Kamtschatka.

115. Angelica anomala, Lallem. in Ind. Sem. Hort. Petrop. ix, p. 57; Regel, Tent. Fl.

Uss. p. 70; F. Schm. Fl. Sach. p. 137 (excl. syn. A. japonica). A. montana,

var. anyvstifolia, LedeJj. Fl. Ross, ii, p. 295. A. sachalinensis, Max. Prim.

Fl. Amur. p. 127.

Hob. Etorofu, in grassy places on the marine terraces near Shana and Shibetoro.

Distrib. From the Baikal region of Siberia to Manchuria and northeastern China;

also in southern Saghalin and Yezo: Sempoji, Prov. Kushiro.

116. Coelopleurum Gmelini, Ledeb. Fl. Ross, ii, p. 361 ; A. Gi ay, PI. Jap. p. 312, Bot.

Jap. p. 391 ; F. Schm. Fl. Sach. p. 136; Coulter & Rose, Rev. N. Am. Umbel.

p. 90. Archangelica Gmelini, DC. Prodr. iv, p. 170; Hook. Fl. Bor.-Am. i,

p. 267; Fr. & Sav. Enum. i, p. 188. Angelica maculata, Turcz. Bnll. Mosc,
1840, p. 72. Physoloj)Mum saxatile, Trautv. & Mey. Fl. Och. p. 44; F. Schm.
in Max. Fl. Amui-. p. 126.

Hah. Eurile Islands (ea; Turcz.).

Distrib. Coast regions of Manchuria, Eastern Siberia, Kamtschatka, Saghalin, and
northern and middle Japan; Alaska, the Pacific and Atlantic coasts of British America
and also New England and Gi'eenland.

117. Heracleum lanatum, Michx. Fl. Bor.-Am. i, p. 166; A. Gi"iy, Bot. Jap. p. 391;
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Max. Fl. As. Or. Frag. p. 23; Forbes & Hemsley, Index Fl. Sin. p. 336. ITe-

racleum dissectum, Ledeb. Fl. Alt. i, p. 301. If. harhatum, Ledeb. Fl. Alt. i,

p. 300; F. Sehm. in Max. Fl. Aninr. p. 129, Fl. Sach. p. 138; Fr. & Sav. Enum.
I, ]i. 189.

Hah. Kurile Islands {ex Pallas, Georgi). Etorofit, at Fnrubetsii.

Distrih. From the Altai region of Siberia to central and northern China, Manchuria,
Japan, Saghalin, Eastei-n Siberia and Kamtschatka, and widely spread in the subarctic

and temperate regions of Koith America, especially along the high mountains towards the

south.

ARALIACE^.
118. Aralia racemosa, L. Sp. ]i. 273 ; Torr. & Qvixy, Fl. N. Am. I, p. GIG.—Var. sachalinensis,

Kegel, Gartenfloi'a, 1864, p. 100, t. 432, Ind. Sem. Ilort. Petrop., 1864, p. 22;

F. Schm. Fl. Sach. p. 141. Aralia cordata, Thunb. Fl. Jap. p. 127; Fr. & Sav.

Emun. I, p. 191. Aralia edulis, Sieb. & Zacc. Fl. Jap. i, p. 57, t. 25.

Jlah. Etorofii, in roadside thickets neai" Fnrubetsu.

Distrih. Southern Saghalin and Japan. The plant is very common in the island of

Yezo and in the noi'thern provinces of the main island. Towai'd the south it is chiefly

met with in a cultivated state.

Our plant differs from the American one in its leaflets being generally simply serrate,

and its young fruits turbinate. Its styles have a less tendency to diverge at first, though

they are seen recurved regularly in ripened fruits. The flowers may be a little larger

in the Japanese plant, and are said to be sometimes 6-merous. In other characters the

two pkants can scarcely be distinguished in dried specimens.

In IN^orth America the plant grows in rich woodlands on the Atlantic side from Can-
ada to the mountains of Georgia, and it is also found at the base of the Rockv Mountains.

119. Acanthopanax ricinifolium, Seeman in Journ. Bot., 1868, p. 140, and Kev. Ileder.

p. 86; Forbes & Hemsley, Index Fl. Sin. p. 340. Panax ricinifoVmm, Sieb. &
Zucc. Fl. Jap. Fam. ]S"at. i, p. 91. Kalopanax ricinifolium, Miq. in Ann. Mus.

Bot. Lugd.-Bat. i, p. 16; F. Schm. Fl. Sach. p. 140. Brassaiopsis ricinifolia,

Seeman in Journ. Bot., 1864, p. 291.

Ilah. Etorofa, in sheltered valleys near Fnrubetsu, and at Arimoi.

Distrih. Southwestern Saghalin, Japan, Corea and China.

CORNACE^.

120. Cornus canadensis, L. Sp. p. 117; Torr. & Gray, Fl. N. Am. i, p. 652; Ledeb. Fl.

Ross. II, p. 378; A. Gray, Bot. Jap. p. 391.

Hah. Kurile Islands (Merli:. ex Rudolph). Etorofu, at Fnrubetsu, Arimoi and

Shibetoro. Kunasliiri (G. Mori).

Distrih. Subarctic and alpine regions of l^orth America and northeastern Asia, as fixr

soiith as the eastern side of Corea and middle Japan.

121. Cornus suecica, L. Sp. p. 118; Torr. & Gray, Fl. I^. Am. i, p. 653; Ledeb. Fl.

Ross. II, p. 377; A. Gray, Bot. Ja[). j). ,391; Fr. Schm. Fl. Sach. p. 141.
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Hah. 81iihotan, in grassy places on the top of clitfs.

Distrih. Arctic and northern Europe, Asia and ]!^orth America.

GAMOPETAL^.
CAPRIFOLIACE^.

122. Sambucus racemosa, L. Sp. p. 270; Ledeb. Fl. Ross, ir, p. 383; A. Gray, Synop.

Fl. I, p. 8; Max. Prim. Fl. Amur. p. 135; Miq. Prol. Fl. Jap. p. 135. S. p«<-

tens, Miehx. Fl. Bor.-Am. i, p. 181. S. pvhescens, Pers. Syn. i, p. 328. 8. ra-

cemosa, var. pubens, Trautv. & Mey. Fl. Ocli. p. iG.

Hah. Etorofu, at Furubetsu.

Distrih. Temperate regions of Europe, northern and eastern Asia, and North America.

123. Viburnum Opulus, L. Sp. p. 268; Ledeb. Fl. Ross, n, p. 384; Max. Prim. Fl. Amur.

p. 135, and Mel. Biol, x, p. 670; A. Gray, Synop. Fl. i, p. 10; Fr. &Sav. Enum.
I, p. 199.

Hah. Etorofu, in the roadside thicket near Shana.

Distrih. Temperate and subarctic regions of Europe; northern Asia, northern China,

northern and middle Japan ; and in North America, from Alaska to Oregon on the west-

ern coast, and New Brunswick to Pennsylvania on the east.

124. Linnaea borealis, Gronov. ; Ledeb. Fl. Ross, ii, p. 392; A. Gray, Synop. Fl. i, p.

13; Max. Prim. Fl. Amur. p. 139; F. Schm. Fl. Sach. p. 143.

Hah. ShimusJm (Prof. J. Milne, ea; James Bisset). Etorofu, at Nobori in the region

of Pinus pumila.

Distrih. Arctic and alpine regions of northern Europe, northern Asia, and North

America.

This plant was also collected on Mt. Poroshiri in the central part of Yezo by S. Tano-

uchi in 1882.

125. Lonicera caerulea, L. Sp. p. 174; Ledeb. Fl. Ross, ii, p. 390; A. Gray, Synop. Fl.

I, p. 15. L. ca'rulea, var. viJlosa, Toi-r. & Gray, Fl. N. Am. ii, ji. 9; Herder, PI.

Radd. Ill, p. 18, t. 3, f 3; Max. Mel. Biol, x, p. 75.

Hah. Etorofu, at Furubetsu and Shibetoro.

Distrih. Marshy places of the arctic and subalpine regions of Europe, northern Asia,

and North America.

A villose form, to which my Kiu'ile specimens lieloug, is found in northern Japan,

Saghalin, Kamtschatka, northeastern Manchuria, Dahuria, and across Siberia to northern

Russia; and is also dispersed in British America and in the Sierra Nevada.

126. Lonicera Maximowiczii, Ru[)r. PI. Max. n. 33, in Bull. phys. math. Peterb.xv; Max.
Pi-im. Fl. Amur. p. 137, and Mel. Biol, x, p. 60; Herd. PI. Radd. in, p. 14, t.

II, f. 6, and Addenda, p. 18; F. Schm. Fl. Sach. p. 142 (var. sachalinensis).

Hah. Shikotan, on hillsides. Etorofu, at Furubetsu.

Distrih. In the mountain woods of eastern Manchuria, Saghalin and Yezo. In the

island of Yezo I have found this plant thus far only in places of a volcanic origin, where
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the subsoil is entirely composed of disintegrated lava; as at Chitose, Prov. Ibim, N'aka-

ware, Prov. Kemuro, and Shari, Prov. Kitami.

According to Prof. Maximowicz, it is said to be closely i-elated to L. covjugialls, Kel-

logg, of California.

127. Lonicera Chamissoi, Bunge in Kirol. Lonic. d. rnss. P. p. 28; Max. Fl. Amur. p.

136; Herd. PI. Eadd. in, p. 19, t. 2, f 1, 2, and Add. and Emend, p. 25; Max.
Mel. Biol. X, p. 60. Lonicera nigra, Ledeb. Fl. Koss. ii, p. 389 (in part).

Hah. Kurile Islands! (herb. Fisch.). Etorofu, in grassy places on the top of hills,

at Shibetoro.

Distrih. Kamtschatka, Eastern Siberia on the Ochotsk border, northeastern Manchu-
ria, Saghalin and Yezo: Mt. Poroshiri, Prov. Tokachi (S. Tanouchi, 1882).

128. Diervilla Middendorffiana, Carr. in Eev. Hoit., 1853, p. 306, 1854, p. 261, t. 14; Max.
Mel. Biol. XII, p. 482. Galyptrostigma Middendorffianum, Trautv. & Mey. in

Bull. phys. math. Petersb. xiii, p. 220, and Fl. Och.' p. 46, t. 25, f. a, b; Max. Fl.

Amur. p. 135; F. Schm. Fl. Sach. p. 142; Herder, PI. Eadd. in. Add. and Emend.
I, p. 12.

Hah. Kurile Islands ! (Max.).

Distrih. Eastern Siberia about Ochotsk, northeastern Manchuria, Saghalin, northern

and middle Japan.

EUBIACE^.

129. Rubiatatarica, F. Schm. Fl. Sach. p. 143. Galium tataricum, Trev.; Ledeb. Fl.

Eoss. n, p. 410.—Var. grandis, F. Schm., I. c; Max. Mel. Biol. LX,p. 266; Herd.
PL Eadd. Ill, Add. and Emend, ii, p. 4. G. jezoense, Miq. Prol. p. 276.

Hah. Shilxotan, in wet grassy places along the beach. Etorofu, at Eausu.
Distrih. Yezo, Saghalin and Manchuria.

The typical form is found in the stej^pes of middle and southern Eussia, extending
eastward to Songaria.

130. Galium verum, L. Sp. p. 107; Ledeb. Fl. Eoss. II, p. 414; Herder, PI. Eadd. in,

p. 32; Max. Mel. Biol, ix, p. 265; Fr. & Sav. Enum. i, p. 215.

Hah. SMTcotan, in grassy places along the beach. Etorofu, at Tsurubetsu and
Shibetoi'o.

Distrih. Europe, northern Africa, northern and eastern Asia and Himalaya.

131. Galium kamtschaticum, Steller in Ecnm. & Schult. Syst. ni, Mant. p. 186; A. Gray
Proc. Am. Acad, xix, p. 80, Synoj). Fl. i, ]). 37. Galium ohovatum, Ledeb.
Fl. Eoss. n, p. 412 (not HBK.) ; Max. Mel. Biol, ix, p. 262.

Ilab. Etorofu, at Furubetsu.

Distrih. Saghalin, northern and middle Japan in alpine woods; Kamtschatka; the

Aleutian Islands to the mountains of Oregon and Washington, and also in those of lower
Canada and New England.

132. Asperula odorata, L. Sp. p. 103; Ledeb. Fl. Eoss. Ii, p. 400; A. Gray, Bot. Jap.

p. 393; Max. Mel. Biol, ix, p. 267; F. Schm. Fl. Sach. p. 144; Fr. & Sav. i, p.

211; Herder, PL Eadd. in. Add. and Emend, u, p. 5.
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Hah. JStorofu, in sheltered woods in tlie vicinity of Furubetsu.

Distrih. Eui'ope; nortliern Africa to southwestern Siberia and middle Asia; in

alpine woods of middle Japan, and northward to Yezo, Saghalin and the southern

Kuriles.

COMPOSITE.

133. Solidago Virgaurea, L. Sp., p. 880; Ledeb. Fl. Ross, u, p. 493; Max. Prim. Fi. Amur.
p. 149; Hook. f. Fl. Brit. Ind. iii, p. 245; A. Gray, Synop. Fl. i, p. 148; Fr. &
Sav. Enum. i, p. 228.

Hah. Shihotan. Hforofii, at Furubetsu and Shibetoro.

Distrih. Europe, northern and eastern Asia, Himalaya and Xorth America.

134. Aster Glehni, F. Schm. Fl. Sach. p. 14(3; Fr. & Sav. Enum. i, ]>. 223.

Hah. Shikotan, on hillsides.

Distrih. In Japan, from Kinsiu to Yezo and the southern Kuriles, and Saghalin.

135. Erigeron salsuginosus, A. Gray, Proc. Am. Acad, xvi, p. 93, Synop. Fl. i, p. 208.

Aster salsu</iiiosiis, Richards, in Franklin Journ. Add. ed. 2, p. 32; Hook. Bot.

Mag. t. 4942; Ledeb. Fl. Ross, ii, jj. 474. Aster niudaschensis, Less, ex Bong.
Veg. Sitch. p. 148. A. 2)eregrinus, Hei'der, PI. Radd. in, 2, p. 10 (partly). A.
jajwnicus, Less, in DC. Prodi-, v, p. 228; A. Gray, PI. Jap. p. 314. Inula du-

hia, Thunb. Fl. Jap. p. 318. Erigeron Thunhergii, A. Gray, Bot. Jap. p. 395,

and var. (?) glahratum, A. Gray, I. c; Fr. & Sav. Enum. i, p. 227.

Hah. Uruj) ! {ex Max.). Shikotan, in moist places on the side of a cliif.

Dr. Gray, in his notes on the Ja])anese plants collected in the Perry expedition, called

our attention to a close affinity of the Simoda plant to Aster imalascJiensis. Later, he

made a remai'k on a larger and less hairy form collected by J. Small at Cape Shiri-

yazaki in the strait of Tsugaru, that it is the Japanese analogue of the Californian Erig-

eron glaucus. Examination of these original specimens in connection with my own
collected on the eastern coast of Yezo and in Shikotan, shows a distinct similarity be-

tween them in all their important characters. No two specimens, however, are alike in

the degree of the pubescence on their stalks and involucres. The Shikotan specimen

is, for instance, almost smooth in its involucre, being simply ciliate on the'^margins; while

in the Simoda plant it is densely villose, though not lanose. There is also some difference

in the color of the pappus. All the specimens collected in the main island of Japan have

a reddish, cinnamon-colored pappus; while those of the northern islands have a light,

yellowish-brown one. But these differences are also seen to occur among a large num-

ber of the American specimens of E. salsiiginosiis in the Gray Herl)arium.

The specimens collected at the Shiriyazaki have a general character just about inter-

mediate between E. glaucus and E. salsuginosus. My Kurile and Yezo specimens, on

the other hand, correspond very well with the t3'pical salsuginosus; and through these

uorthern plants one may safely refer those growing in the main island to the species un-

der consideration, probably as its Japanese variety.

Distrih. Middle and northern Japan, the Kurile Islands to Alaska, thence south-

ward along the higlu r mountains to Galiforui;!, T^tah and New Mexico.
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136. Anaphalis maigaritacea, Benth. & Hook. Gen. PI. il, p. 303; Gray, Syiiop. Fl. i,

p. 233; Max. Mel. Biol, xi, p. 235. GnajylmUum margaritaceum, L.; Ilerd. PL
Eadd. Ill, 2, p. 102; Pr. & Sav. Eimm. i, p. 212. Antenitaria margaritaoea, R.

Br.; Ledeb. Fl. Ross, ii, p. G13. A:nteunaria cinnamomea, Miq. Prol. p. 110.

Ildh. SJiilcotan. JEtorofK, at Furubetsu.

Distrih. Widely distributed throughout the cool temperate region of North Amer-
ica, extending northwestward to Alaska and the Aleutian Islands, and descending on

the west coast along the higher mountains to Colorado and California. In Asia, it spreads

over Kamtschatka, Saghalin, Japan and Manchuria; and as var. cinnamomea in Ceylon,

Himalaya, npper Birma, and northwestern China; also in Manchuria and Japan, mixed
with other forms.

137. AchiUea MiUefolium, L. Sp. p. 899; Ledeb. Fl. Ross, ii, p. 531; A. Gi'ay, Synop.

Fl. J, p. 363.—Yar. occidentalis, DC. Prodr. vi, p. 24; Herder, PI. Radd. in, 2,

p. 36. A. borealis, Bong. Yeg. Sitcha, p. 149.

Ilab. Kiirile Islands (Merk. ex Herder)

.

This variable plant is veiy widely distributed thronghont the subarctic and cool tem-

perate regions of the northern hemisphei-e. In Japan, howevei-, the plant has not yet

been found in a wild state. A few plants were found around a new pasture ground in

Sapporo in 1880. It is highly probable that they had been introduced there mixed with

the seeds of grasses from America.

138. AchiUea sibirica, Ledeb. in Ind. Sem. H. Dorpat., 1811, Fl. Ross, n, p. 528; Herd.
PI. Radd. lu, 2, p. 37; Fr. & Sav. Enum. i, p. 233. Ptarmica mongolica, DC.
Prod. VI, p. 22; Max. Prim. Fl. Amnr. p. 154; F. Schm. Fl. Sach. p. 147. A.
tmdtiflora, Hook. Fl. Bor.-Am. i, ji. 318.

Hal). Etorofa, at Furubetsu, Rubetsu and Shana.

Distrih. From the Baikal district of Siberia to Manchuria, northern China and Corea;

and throughout the larger islands of Japan to Saghalin, Eastern Sibci-ia, Kamtschatka
and the Aleutian Islands; extending from Alaska eastward to the Saskatchewan.

The American A. maltijiora can scarcely be distinguished from our A. sibirica, which
is quite varialjle in size and the color of its rays and also in the shape of its leaves.

139. AchiUea Ptarmica, L. Sp. p. 898; A. Gray, Synop. Fl. i, p. 363. Ptarmica vulga-

ris, Clus.; Ledeb. Fl. Ross, u, p. 529.—Yar. speciosa, Heixler, PI. Radd. iii, 2,

p. 39. A. sj)eciosa, DC. Prod, vi, p. 23; Ledeb. Fl. Ross, n, p. 530. Ptarmica
vulgar-is, F. Schm. Fl. Sach. p. 147.

Hah. Etorofu, at Furubetsu, Shibetoro and Rubetsu.

Distrih. Europe, northern Asia, and ISTorth America (New Brunswick). The va-

riety in Kamtschatka and islands in the Behring Sea, across central and southei-n Siberia

to middle Russia; also in Saghalin and the northern and middle provinces of Yezo.

140. AchUlea macrocephala, Rupr. Fl. Samoj. in Beitr. zur Pfl. Kde. des Russ. R. Ii, p.

41; Trautv. Stirp. Sib. Coll. Bin. p. 450. Ptarmica grandiflora, DC. Prodr. vi,

p. 23; Ledeb. Fl. Ross, ii, p. 531.

Hah. Urap ! {ex Max.)

.

Distrih. Kamtschatka, the Kurile Islands and "Eastern Siberia" {fide Trautv.).
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This plant is closely related to the preceding species, with which Herder proposed
even to unite it. According to the descriptions given by I)e Candolle and Ruprecht, it

differs from A. Ptarmica, var. speciosa, in the following characters:—teeth of the leaves
more prominent and not incnrvedly appressed; pednncle elongated; rays 8-9, obovate-
elliptical; chaff on the receptacle oblong, serrate from the middle upward, fuscous, and
subtrifid at the apex.

141. Chrysanthemum arcticum, L. Sp. ed. 2, p. 889; Hook, Fl. Boi'.-Am. I, p. 319- A.
G''^Vj Synop. Fl. I, p. 365. Leucantliemum arcticum, DC. Prodr. vi, p. 45;
Ledeb. Fl. Ross, ii, p. 541; Max. Prim. Fl. Amur. p. 155; Fr. & Sav. Enum'
I, p. 234.

Hob. Urupf (ex Max.). Morofu, on rocky cliffs at Tsurubetsu.
Professor Maximowicz kindly informs me that his Urup specimen is of " the laro-e-

headed form with pinnatifid leaves of Hakodate." My Etorofu plant is also of the same
form.

Distrih. In northeastern Asia : coast regions of Manchuria, Saghalin, northern Japan

;

all around the Ochotsk Sea, Kamtschatka and adjacent islands to the Behring Strait.

In IsTorth America, from arctic Alaska along the arctic shores to Hudson Bay; also in
eastern Lapland, and arctic Russia.

142. Matricaria ambigua, Ledeb. Fl. Alt. iv, p. 118, and Fl. Ross, ii, p. 547 (under Pyre-
thrum). CJtam(e7nehimlimosum,Max. Prim. Fl. Amur. p. 156. Ghammmelon
tetragoriospermum, F. Schm. Fl. Sach. p. 148. Tripleurospermum ambiguum,
Fr. & Sav. Enum. i, p. 236. Trij)leuros2)ermum inodorum, var. amliguum, Her-
der, PI. Radd. m, 2, p. 42.

HaJj. Shikotan, in grassy places about the harbor,

Distrih. Northern Eiu-ope and Asia, extending southward to southwestern Siberia
and the Altai region, and to Manchuria, Saghalin and northern Japan; according to
Herder also at Kotzebue Sound in Alaska.

143. Matricaria discoidea, DC. Prodr. vi, p. 50; Ledeb. Fl. Ross, ii, p. 544; A. Gray,
Synop. Fl. I, ]). 364; Reg. & Til. Fl. Ajan. p. 102.

Hah. Urnp! {ex Ma->i.).

Distrih. Eastern Siberia in the Ochotsk region, Kamtschatka, and the Kurile Islands

;

through the Aleutian Islands and Alaska to western California, thence to Montana;
now naturalized in the Atlantic states of North America, and in northern and middle
Europe.

144. Artemisia laciniata, Willd. Sp. ui, p. 1843; Besser, Tent. Abrot. p. 40; Ledeb. Fl.

Ross, n, p. 581; Max. Mel. Biol, vm, p. 530.—Yar. laciniata, Max. I. c!
Hah. jShikotan, on cliffs along the harbor,

Distrih. In Siberia from the Altai to the Ochotsk region; also in Dahuria, Mongolia,
eastern Manchui-ia, and the southern Kuriles.

145. Artemisia glomerata, Ledeb. in M6m. Acad. Petersb. v, p. 564, Fl. Ross, ii, p. 588;
Bess. Abrot. p. 63; Max. Mel. Biol, vm, p. 532; A. Gray, Synop. Fl. i, p. 37o!
A. leontopodioides, Fisch. ex Besser, Abrot. p. 63.

Hah. Kurile Islands! (Pallas ex Max.).
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Distrib. Extreme nnrtheasterii Asia: Oehotslc region, Kamtschatka, the Kuriles and

Tschuktches-lantl ; also in arctic Alaska.

146. Artemisia norvegica, Fries; Bcsser, Abrot. p. 76; Max. Mel. Biol, viir, p. 533; A.
Gray, Syiiop. Fl. i, p. 371.—Var. pacifica, A. Gi-ay, I. c. A. longepedunculata,

Riulolphi ex Bess. Abi-ot. p. 77; Ledeb. Fl. Ross, ii, p. 591. A. arctica. Less.

in Linnsea, vi, p. 213; Ledeb. I. c. p. 51)1. A. Chamissoniana, Bess, in Hook.
Fl. Bor.-Am. i, p. 324. A. arctica, var. sachalmensis,^. Schm. Fl. Sach. p. 150.

ITah. Kun'le Islands {ex Tnn-z.)

.

Distrib. Eastern Siberia, northern Manchuria, Sakhalin, Kanitschatka, and the Aleu-

tian Islands to arctic Alaska. The typical form is found in the alpine regitmof IS'orwa}',

in the northern Ural, and in the al|)ine and subali)ine regions of western North America,

as far south as California and sonthern Colorado.

147. Artemisia Stelleriana, Bess. Abrot. p. 79, t. 5; Ledel). Fl. Ross, ii, p. 592; Max.
Mel. Biol. VIII, p. 534; F. Schm. Fl. Sach. p. 150; A. Gray, Synop. Fl. i, p.

371; Fraiichet, in Bull. Soc. Philom. Pai'is, avril, 1888. A. SteUeriana, var. ves-

iculosa, Fr. & Sav. Enum. ii, p. 402. A. chiaeiisis, Pursh, Fl. Bor.-Am. ir, p.

521.

ITab. Etorofa, at Rausu.

Distrib. Along the coast ot Kanitschatka, Saghalin and northern Jaj^an; and also about

the mouth of the Amoor in Manchui-ia. Found wild at Lynn Beach, Mass., North Amer-
ica, and also in Sweden (fide Areschoug, Fl. Dan., flxsc. 51, t. 3045). According to

Pursh, al.so on the northwestern coast of North America.

148. Artemisia vulgaris, L. Sp. p. 848; Bess. Abrot. p. 51; Ledel). Fl. Ross. Ii, p. 585;

Herd. PI. Radd. ni, 2, p. 74; Max. Mel. Biol, vm, p. 535; A. Gray, Synop. Fl.

I, p. 372; Fr. & Sav. Enum. i, p. 239.

Hub. Shikotan. Etorofu, common along the roadside thickets. ShimusJm (Akakabe)

.

Distrib. Widely distributed in temperate Europe, Asia and western North America.

Also found in the mountainous districts of India, Siam and Java. Naturalized in Canada
and the Atlantic States of North America.

149. Artemisia sericea, Weber, in Steehm. Art. p. 16; Ledeb. Fl. Ross, ii, p. 595; F.

Schm. Fl. Sach. p. 150; Max. ^lei. Biol, vm, p. 537.

Ilab. Shikotan, on rocky clifls along the hai'bor.

All the specimens I have collected were in a sterile condition. The plant is sufiVuti-

cose at the base and ascending, and is densely appressed-silky. The leaves are all peti-

oled and coincide exactly with the sterile specimen of A. ser-icea from Dahuria (Fischer)

in the Gray Herbarium

!

Distrib. "From the R. Volga thi'ough Siberia to the R. Aldan in E. Siberia, Dahu-
ria, Saghalin," and in the southern Kuriles.

150. Petasites japonicus, Miq. Prol. Fl. Jap. p. 380 (1867) ; Fr. & Sav. Eiuun. i, p. 220.

P. japonicus,'F.'i^c\\m. Fl. Sach. p. 145 (l^68). Tassilago Petasites, T\n\n\).

Fl. Jap. p. 314. Nardosmia japonica, Sieb. & Zuec. Fam. Nat. ii, ]). 57, n. 615.

Petasites sjyui-ius, Miq. Pi'ol. p. 100. P. albas. Gray, PI. Ja[). p. 314. Pallas,

N. nord. Beitr. iv, p. 124.
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Hah. From 3Iidowa, the fourteenth ishuitl, southward (ex Palhis). ShihAan, on

sheltered liillsides. Etorofa, in the vicinity of Fnrul)etsn.

The plant grows througliout Japan and also in SaghaUn. In a rich sheltered valley of

northern Japan it often attains snch a large size as to enable an average-sized person to

walk under its sjireading loaf without stooping. The description given by Pallas of the

Kurile plant coincides perfectly with that of ours, and there is no doubt of their being

the same.

151. Senecio Pseudo Arnica, Less, in Linnsea, w, p. 240; Ledeb. Fl. Ross. ll, p. 642; A.

Gray, Synop. Fl. i, p. 384; Max. Mel. Biol, vm, p. 15; Fr. & Sav. Enuni. ir,

p. 407.

Hcib. Etorofu, at Ivausu.

Distrib. Coast i-egions of JVIanchuria, Saghalin, Yezo, Eastern Siberia, Kamtschatka

and islands in the Behring Sea; Alaska, and in Newfoundland to Grand Manan.

152. Senecio palmatus, Pall. Iter, iii, p. 321; Ledeb. Fl. Ross, ii, p. 6.3G; Max. Prim. Fl.

Amur. p. IGG, Mel. Biol, viii, p. 15. S. cannahifoUus, Less, in Linna-a, vi, p. 242.

Hob. ShumsJm! (eaj Max., Aino name, OnimnJiUttu). Shikotan, on hWh'ides.

Distrib. Eastern Siberia, Manchuria, Saghalin, northern and middle Japan, Kamt-

schatka and also at Sitka (ex Herder).

153. Senecio cacaliaefolius, Sehultz Bip. in Flora, 1845, p. 50; Max. Mel. Biol, viil, p. 14.

S. cacalioiformis, Reichb. f., Ic. Fl. Germ, xvi (1854), p. 43, t. 977; Fi-. & Sav.

Enum. I, p. 217. Lifjiilaria sihirica, Cass.; Ledeb. Fl. Ross, ii, p. 620. L. speci-

osa, Fisch. & Mey. Ind. Sem. II. Petrop. v, p. 38.

Hah. SMTcotayi, on hillsides. Etorofa, at Rubetsxi.

Distrib. Arctic and alpine regions ofEurope; Siberia to the Ochotsk region, Dahuria,

Manchuria, northern China and Japan.

154. Senecio sagittatus, Sehultz Bip. in Flora, 1845, p. 498; Max. Mel. Biol, ix, ]). 2!)2.

Cucalia lutstata, L.; Ledeb. Fl. Ross, u, p. 626; x\..Gray, Bot. Jap. p. 395; Herd.

PL Radd. iii, 2, p. 107 (excl. pi. Sitka, /rfe Gray).

Hab. Etorofu, at Fiu-ubetsu.

Distrib. Kamtschatka and adjacent islands ; throughout Siberia to northern and eastern

Russia in Europe, Dahuria, Mongolia, Manchuria, Corea, and middle and northern Jai)an

and Saghalin.

155. Senecio davuricus, Sehultz Bip. in Flora, 1845, p. 499; Max. Mel. Biol, ix, p. 296.

Cacalia auriculata, DC. Prod, vi, p. 329; Max. Prim. Fl. Amur. p. 165; Ledeb.

Fl. Ross. II, p. 627.—Var. kamtschaticus, Max. I. c.

Hab. Sluimslru! [ex Max.,Aino name, IlohenaJana)

.

Distrib. Kamtschatka, the Ochotsk district, Yezo, Saghalin, and Manchuria to east-

ern Dahui-ia.

156. Cnicus kamtschaticus, Max. Mel. Biol, ix, p. 310; A. Gray, Synop. Fl. i, ]i. 399. Cir-

simn A-amtschaticum, Ledeb. in DC. Prodr. vi, p. 644, Fl. Ross, n, p. 736; Herder,

PL Radd. in, 4, p. 4.

Hab. SJiKnisJiii ! and Paramushir ! {ex Max., Aino name, Katamaslmtslii)

.

Distrib. In Kamtschatka and the Aleutian Islands. As var. (?) Grayanus,lsla.x., iw
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the island of Yezo. In Saghalin, a nearly related species, Cnicus Weyricliii, Max., is

found. The Kurile plants have white flowers.

157. Picris japonica, Thunb. Fl. Jap. p. 299; Lcdeb. Fl. Ross, ir, p. 800; Max. Prim.

Fl. Amur. p. 177; Fr. & Sav. Enum. i, p. 268. P. kcijntschatka, L,edeh. in Mem.
Acad. Petersb. v, p. 557. P. dahurica, DC. Prodr. vn, p. 129. P. davurica,

Fisch. & Hornem. H. Ilafn. Snppl., p. 155. Pia-is hieracioides, var. japonica,

Eegel, PI. Radd. m, 4, p. 25.

Ilah. Uriip! (ere Max.). _E'foro/«, at Fnrubctsu.

Dlstrih. Japan, Saghalin, Manchuria, Siberia to the Altai districts, northern China,

and Kamtschalka to Sitka in Alaska.

158. Taraxacum lyratum, DC. Prodr. vii, p. 148; Ledeb. Fl. Ross, ir, p. 81G; F. Schm.

Fl. Saeh. \^. 154. Taraxacum officinale, AVigg., var. alpinum, Koch, Ins.,

hjratam. Herd. PI. Radd. in, 4, p. 43.

Huh. Kurile Islands (ex Turcz.)—" scapis glabris."

Distrih. Altai and IJaikal districts of Siberia, Saghalin, Kamtschatka and the Aleu-

tian Islands.

159. Lactuca Thunbergii, Benth.; Max. Mel. Biol, ix, p. 3G1. Ixeris Timnhergii, A.
Gray, Bot. Jap. p. 397; Miq. Prol. p. 123. Prenanthes denfata, Thunb. Fl. Jap.

p. 301.

Hah. Etorofu, at Furnbetsu.

Distrih. Japan: from Kiusiu to northern Yezo.

160. Lactuca repens, Benth. ; Max. Mel. Biol, ix, p. 364. Ixeris repens, A. Gray, Bot. Jap.

p. 397; Benth. Fl. Hongk. p. 194; Fr. & Sav. Enum. i, p. 271. Chorisis repens,

DC Prod. \^I, p. 178. JSfahalas rejyens, Ledeb. Fl. Ross, ii, p. 840.

Hah. Kurile Islands ! (ex Mux.) . Htorofu, at H'xusn.

Distrih. Kamtschatka, Saghalin, Japan, Manchuria, Corea, China.

161. Lactuca sibirica, Benth.; Max. Mel. Biol, ix, p. 357. 3Iid(/edium sihirici'M, Ijqss.

Syn. p. 142; Ledeb. Fl. Ross, ii, p. 843; Herder, PI. Radd. in, 4, p. 72.

Hah. Paramushir ! at a lake (ex Max.). Etorofu, at Tsnrubetsu.

Distrih. l^orthern and eastern Europe, Siberia, Manchuria, Saghalin, Yezo (middle

and northern) and Kamtschatka.

162. Sonchus arvensis, L., var.uliginosus, Trautv. PI. Schrenk. no. 715; Herder, PI. Radd.
in, 4, p. 46; Fr. & Sav. Enum. i, p. 275. Sonchus uliglnosus, M. a. B.; Ledeb.

Fl. Ross, n, p. 834. S. maritimus, L.; Ledeb. I. c. p. 835; F. Schm. Fl. Sach.

p. 154. 8. hrachyotus, DC. Prodr. \ii, p. 18G; Max. Prim. Fl. Amur. p. 181.

Hah. Shikotan, on the beach at the foot of a rocky cliif.

Distrih. From middle and eastern Europe through the southern districts of Siberia

and Dahuria to northern China and Manchuria, Saghalin and Jajian.

CAMPANULACEJE.

163. Campanula rotundifolia, L., var. arctica Lange, Fl.Dan. XVI, p. 8, t. 7211; A. Gray,

Synop. Fl. n, Suppl. p. 395. C. Zt><//bZ/«, Lam.; Ledeb. Fl. Ross, n, ]). 888.

C. Sclieuchzeri, A. Gra3% Synop. Fl. ii, p. 12. C. linifolia, vai-. Laixjsdorffiaiia,

DC. Prodr. vii, 2, p. 471.
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JIab. Urtip! (Mertc'iis).

Distrib. Arctic and alpine Eiii'0])e; from the Altai region of Siberia to the Ochotsk

district; Saghalin, Alaska, in the Kocky Mountains to Colorado, east to Newfoundland
and Labrador; Greenland.

164:. Adenophora verticillata, Fisch. in Mem. Soc. N^at. Mosc. vi, p. 167; Ledcb. Fl.Ross.

ii, p. St'li; Fv. & Sav. Enum. i, p. 278, ii, p. 422. Camj^xiuula tttnqjhijlla,

Thunb. Fl. Ja]). p. 87.

Ilab. JStorofii, at Tsiu-ubctsu. My specimen is too yoimg to determine tlie variety.

It has four smooth obovate leaves in a whorl.

Uistrib. Baikal-Siberia, Dahuria, Manchuria, Sag-halin and Japan.

ERICACE^.

165. Vaccinium Oxycoccus, L. Sp. p. 351; A. Gray, Synop. Fl. it, p. 25; Max. Mel.

Biol, vjji, p. 014; Pallas, Fl. lioss. i, 2, p. 47.

Ilab. Kiirile IslmuU {ex Pallas).

Dr. Gray, in the supplement to his Synoptical Flora (ir, p. 396), refers the jjlants from
Japan, Saghalin, northeastern Asia, and also from Washington Territory and northern

Oi'egon, having- larg-er and obtuse leaves, and flowers which are strictly umbellate from
the scaly bud, to his new var. intermedium. Among- the Hakodate specimens collected by
J. Small there is one which has a leafy shoot starting from the flower-bearing bud, ap-

l^roaching" Vaccinmm macrocar'pon in g'eneral appearance.

Distrih. In sphag-nous swamps in the subarctic and alpine regions of Europe, north-

ern Asia and IS'orth America.

166. Vaccinium Vitis-Idaea, L. Sp. p. 351; A. Gray, Bot. Jap. p. 397, Synop. Fl. ir, p.

25; Max. M61. Biol, viii, p. 605; Pallas, Fl. Boss, i, 2, p. 46.

Hab. Kurile Islands {ex Pallas) ; Skamshu (J. Akakabe) ; Skilcotan; Etorofu, at

Fui-ubetsu, Arimoi and Shibetoro.

Distrib. All around the arctic circle, descending southward in Europe to the ali)ine

regions of the Meditei-ranean border, and to the Caucasus; and in Asia, to the Altai

Mountains and Dahuria, and to the alpine region of Kiusiu in Japan; in Xorth America,
to British Columbia in the west, and to northei'u i^ew England in the east.

167. Vaccinium praestans, Lamb, in Trans. Liini. Soc. x, ]). 264, t. 9; Ledeb. Fl. Ross, ir,

p. 904; Max. Prim. Fl. Amur. p. 187, t. 8, f. 19-23, INIel. Biol, xir, p. 489; F.

Sclnn. Fl. Sach. p. 156.

Ilab. Shil-oian, in exposed grassy places on top of clifts. Etorofa, at Furubetsu.

Distrih. Kamtschatka (Avestern coast, J. Small) ; northeastern Manchuria; Saghalin,

^ ezo (Otsnishi, Prov. JS'enuu'o!) ; and in the alpine regions of middle Japan.

168. Vaccinium uliginosum, L. Sp. p. 350; Ledeb. Fl. Boss, ii, p. 904; Pallas, Fl. Ross.

I, 2, p. 45; Max. Mel. Biol, viii, p. 605; A. Gray, Synop. Fl. ii, p. 22.

Ilah. Kurilf Islands {ex Pallas).

Distnl). In the arctic, alpine and subalpine regions of Europe; northern Asia, extend-

ing to middle Japan in the east; and in North America throughout arctic and British

America coming down to Oregon in the west, and to New England and New York in

the east.
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169. Vaccinium hirtum, Thunb. Fl. Jap. p. 155; Max. Mel. Biol, viii, p. G05; Fr. & Sav.

Enum. T, p. G05.—Vai-. Smallii, Max. I. c. Yacciniwn Smallii, A. Gra}^ Bot.

Jap. p. 398; F. Schm. Fl. Sach. p. 156.

JIab. Etorofu, at Furubetsu and Ai-imoi.

Distrih. Soutbei'ii Sagiialiu to Kiusiii in Ja[)an.

170. Arctostaphylos Uva-ursi, Spreng. Syst. Yeg. ir, p. 287; Ledeb. Fl. Koss. ir, p. 900;

F. Schm. Fl. Sach. p. 157; A.Gray, Synop. Fl. ii, p. 27. Arhutus Uva-ursi,

L. Sp. p. 395; Pallas, Fl. Ross, i, 2, p. 48.

Hal), Kurile Islands (e.i:; Pallas).

Distrih. Arctic and alpine Europe; northern Asia, especially in the niomitain dis-

tricts of southern Siberia, northern Saghalin, eastern Siberia and Kamtschatka; Alaska

in JS^orth America, where it spreads over the arctic and northern regions descending

along' the higher mountains to lHew Mexico and northern California in the west, and to

Pennsylvania in the cast.

171. Cassiope lycopodioides, Don, in Edinb. N^. Phil. Journ. xvir, p. 157; Ledeb. Fl.

Ross. II, p. 912; Max. Mel. Biol, viii, p. Gil; Fr. & Sav. Enum. i, p. 285; A.
Gray, Synop. Fl. ii, p. 3G. Andromeda lycopodioides, Pallas, Fl. Ross, i, 2, p.

55, t. 73, f. 1.

Hah. Shvmslm (Hakodate Museum).
Distrih. Eastern Siberia in the Ochotsk district; Kamtschatka; Yezo (Vole. Talmai,

Prov. Ibuii) to middle Japan; Aleutian Islands to Oregon in Korth America.

172. Leucothoe Grayana, Max.! Mel. Biol, viii, p. 613; Fr. & Sav. Enum. i, p. 281. L.
chlorantha, A. Gray, Bot. Jap. p. 399 (not DC).

Hah. Shlliotan, on hillsides.

The plant is common in the mountain woods of Yezo on both the eastern and western

coasts. It comes down as far south as middle Japan, where it is found only in the al-

pine woods.

173. Bryanthus taxifolius, A. Gray, Proc. Am. Acad, vii, p. 368, Synop. Fl. ii, p. 37.

FhijUodove ta.nfolia, Salisb. Parad. Lond. t. 56; Ledeb. Fl. Ross, ii, p. 916;

Max. Rhod. A.s". Or. p. 6.

Hah. Paramushir! (ea;Max.).

Distrih. ISTorthern Europe and the central Pyrenees; Altai and Baikal districts of Si-

bei'ia, Dahuria, northern Manchuria, eastern Siberia, Kamtschatka, northei-n and middle

Japan; Aleutian Islands, Copper Island; and also on the alpine mountain summits of

northern Xew England and Canada, Labrador, Greenland.

174. Rhododendron chrysanthum, Pall. It. Ill, p. 729, t. IV, f. 1-2; Ledeb. Fl. Ross. ll, p.

920; Max. Prim. Fl. Amur. p. 189, Rhod. As. Or. p. 20.

Hah. Shumshu! (ex Max.).

Distrih. Altai and Baikal districts of Siberia, Dahuria, northeastern Manchuria, east-

ern Sibci-ia, Kamtschatka, and adjacent islands to Sitka; Saghalin, northern and middle
Japan, Yezo (L. Bohmer), Tateyama, Prov. Etchu (Yatabe).

175. Rhododendron kamtschaticum, Pall. Fl. Ross, i, p. 18, t. 33; Ledeb. Fl. Ross. II,

p. 922; Max. Rhod. As. Or. p. 11; A. Gray, Synop. Fl., ii, p. 10.

Hah. Urup! {(-x Max.). Hhil-otav. on rocky clifts along the hai-bor.
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Dlstrlh. Eastern Siberia, in the Ochotsk district and Tsehuktehes-land, Kam-
tschatkn, Saghalin and northern Japan, the Aleutian Islands and Alaska.

176. Ledum palustre, L. Sp. p. 591; Ledeb. Fl. Eoss. II, p. 923; Max. Ehod. As. Or.

p. -49; A. Gray, Synop. Fl. ii, p. 43.—Yar. dilatatum, Wahlbg. FI. Lapp. p.

103.

Hah. Shlhotan, on hillsides.

Distrih. Eastern Siberia, northeastern Manchuria, Saghalin, Yezo to the aljjine region

of southern Japan, Kamtschatka to Sitka in Alaska, and also in the Altai mountains and

northern Europe. The species is widely disti'ibuted throughout the arctic and cool tem-

i)erate regions of the northern hemisphere.

177. Pyrola renifolia, Max. Prim. Fl. Amur. p. 190, Mel. Biol, viii, p. 634; F. Schm. Fl.

Sach. p. 158; Fr. & Sav. Enum. i, p. 295.

Hah. Etorofu, on the Arimoi side of Nobori.

The plant is commonly found in the mountain woods of Yezo, Saghalin and eastern

Manchuria. It occurs also in the higher mountains of middle Japan.

178. Pyrola media, Swartz in Act. Holm. 1804, p. 257, f. 7; Lcdeb. FI. Eoss. n, p. 929;

Hook. f. Stud. Flora, 3rd ed. p. 255; A. Gray, Bot. Jap. p. 400; Max. Mel. Biol.

Biol. p. 625.

HaJ). Etorofu, at Shibetoro.

The plant approaches nearer in all its characters to the European P. media than to our

P. minor or rotundlfolia. The stamens are erect, and shorter than the nearly straight

stout style; the stigmatic lobes are minute and erect, and are provided with a distinct

rino" around their base; and the anthers are not narrowed below the pores. The bracts

are lai'ger than in P. minor, and are longer than the pedicels. A specimen collected by

C. Wright at Simoda is in bud. Compared with my plant the style is longer and dcflexed,

and the anthers are larger, even in the bud, and somewhat narrowed beneath the oi^en-

ings.

179. Pjrrola minor, L. Sp. p. 396; Ledeb. Fl. Eoss. ii, p. 930; A. Gray, Bot. Jap. p. 400,

Synop. Fi. ii, p. 46; Herder, PL Eadd. iv, p. SO; Max. Mel. Biol, viii, p. 652.

Hah. Kurile Islands! (herb. Pallas). Etorofu, at Furubetsu.

Distrih. Europe, northern Asia, and northern North America. In eastern Asia it

comes down through Saghalin and Yezo to the alpine woods of middle Japan. In iS^orth

America it extends to Oregon and New Mexico, and to the White Mountains.

180. Pyrola secunda, L. Sp. p. 396; Ledeb. Fl. Eoss. Ii, p. 930; Max. Mel. Biol. Vlii, p.

625; A. Gray, Synop. Fl. ii, p. 46; F. Schm. FI. Sach. p. 158.

Hal). Etorofu, at Furubetsu.

Distrih. Europe, northern Asia, Manchuria to the border of Corea, Saghalin, and

northern and middle Japan; British America to Colorado and California, and to New
England and New York, and also in Mexico.

DIAPENSIACEJE.

181. Diapensia lapponica, L. Sp. p. 141; Ledeb. Fl. Eoss. in, p. 85; Trautv. & Mey. Fl.

Ochot. p. 69; F. Schm. Fl. Sach. p. 161; A. Gray, Bot. Ja]). p. 400; Herder,

PI. Eadd. IV, ], p. 205.
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Hah. Shmnslm (Halcorlate Museum)

.

Herder i-emarks that the phviits found in northeastern Asia (Saghalhi, Ochotsk dis^-

trict, Tschulvtchcs-land, Ivanitschatka and the adjacent islands) liav^e characters in com-

mon with Schmidt's yar. ohovata. As I liave not at this mamijut the Shum-^hu speciniLMi

at hand, I cannot say anything definite about its relation to the Saghalin i>lant. Wright's

specimen from Hakodate and Tschonoski's (Z>. lapponica, var. asiatlca, Max.) from

Nambu in northern Japan have their leaves distinctly marked with reticulated veins on

their upj^er surface and broadly spatulate in shape. In one of the Hakodate s[)8ci-

mens there is a sterile branch which has leaves all tapering into slender stalks and

obovate-cnncate in form. The Saghalin and Japanese specimens seem to me alike, and

should be put under the same variety of D- lapponica. The typical form of this species is

found in the arctic and subarctic regions of Europe, Greenland, and eastern North

America, descending to the alpine districts of northern New England.

PLUMBAGINACE^.

182. Armeria vulgaris, Willd. EniUTi. I, p. 333; Herder, PI. Radd. in Act. Hort. Petrop. x,

1, p. 53; A. Gray, SynoJD. Fl. ii, p. 55. Statlce Armeria, L.; Ledeb. Fl. Ross, iir,

p. 45G.—Forma arctica, Herd. 1. c.

Hah. Kurile Islands (Pallas, ex Herder).

This polymorphous species is widely distributed in Europe and northern Asia, espe-

cially in the northeastern portion; and in North America from' Labrador across the arc-

tic region to Alaska, descending along the Pacific coast to California, and occurring

again in Chili and Patagonia.

PRIMULACEiES.

183. Dodecatheon Meadia, L., var. brevifolium, A. Gray, Bot. Calif. I, p. 467, S3'nop. Fl. IT,

p. 57. D. elliptlcam, Nutt. ex Durand, PI. Pi-att. in Journ. Acad. Phil. n. ser. ii,

p. 95; A. Gray, Bot. Gaz. xr, p. 232.

Hal). Urupl {ex Max.).

Distrih. Most common in western California, spreading to Utah, and also to British

Columbia and farther up to Bering Strait and the Kurile Islands.

184. Primula cuneifolia, Ledeb. in Mem. Acad. Petersb. v, p. 522, Fl. Ross, iir, p. 15;

Regel & Til. Fl. Ajan. p. Ill; A. Gray, Synop. Fl. n, p. 59; Franchet in Bull.

Soc. Philomatli. Paris, May, 1886, and April, 1888.

Hah. SImmshu! Paramuslib- ! and Urup! (easMax.).

Distrih. Eastern Siberia along the Ochotsk Sea, Kamtschatka and northern Jai)an

;

the Aleutian Islands and Alaska.

185. Primula farinosa, L., Ledeb. Fl. Ross. Ill, p. 13; Regel, PI. Nov. Turk. fasc. ir, p.

41; A. Gray, Synop. Fl. ii, p. 58.—Var. Fauriae. P. Faurioi, Franch. 1. c;
Pax in Engler Bot. Jahrb. 1888, p. 211. P. farinosa, var. armena. Pax, 1. c,

p. 199 (in pai-t). P. farinosa, var. hiteo-farinosa, Fr. & Sav. Enum. ii, p. 429.

Hal). ShiJcotan, on rocky cliffs along the harbor. Etorofu, at Tsurubetsu.
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The leaves are ovate to rhombic-orbicular, more or less abruptly cuneate, tapering into

anelong-atedmarg-inedpetiole, toothed, crenate, or nearly entire; scape two or three times

the length of the leaf; bracts lanceolate-subulate, somewhiit gibljose at base, and three

to six times shortei' th;in the glal)rous pedicels; umbel few- to several-flowered, generally

G-7-llovvered; calyx campanulate and parted to the middle; teeth obtuse or subacute;

and the tube of the corolla about one and one-half times the length of the calj'x. Ac-
cording to Fianchet the capsule is twice the length of the calyx.

Our plants coincide exactly with the descriptions of P. Faur!(K, Franch., and I have

uo doubt of their being identical, though my specimens have no fully ripened capsules for

comparison. From the continental var. annena, owr plant differs in the I'ounded blades

of the leaves and longer pedicels. Whether the capsule of the former is also as long as

ours or not I have no means of determining at present either from the specimens or from

the descriptions. The size of the capsule in P.farlnosa seems to be quite variable. In

some of the European, and especially in the American plants, the capsule often attains the

size of about twice the length of the calyx. Pax wrongly included P. Faurke and also

P. macrocarpa, Max., under liis new sect. Jiacrocarjpcp. These plants properly belong

to his sect. Farinosa'. Their flowers are not so large as those of P. ciineifolla, and their

bi'acts are somewhat gibbose. The younger leaves in the specimens of P. macrocarpa

in the Gray Hei'bai'ium show distinctly the yellow powder on their under siu'face, though

the oldei' leaves and calyx are completely naked. The plant is hardly distingnishable

from the American -P. mistassinica, Michx. (^P. farinosa, var. mistassinica. Pax), either

the shape and size of the flowers and capsules, or by the character of the leaves and their

teeth.

The species is very variable and widely distributed in the arctic and cool temperate

regions of Europe, northern Asia and North America, and also in antarctic America.

186. Androsace villosa, L. .Sp. p. 142; Ledeb. Fl. Ross. Ill, p. 17; Max. Mel. Biol, xii,

p. 753.—Yar. latifoUa, Ledeb. Fl. Alt. i, p. 218; Herder, PI. Radd.iv, 1, p. 118;

Max. 1. c. A. Cliamcejasmece, Koch, Syn. p. 584; Ledeb. Fl. Ross, iir, p. 18;

Reg. & Til. Fl. Ajan., p. Ill; A. Gray,"Synop. Fl. ir, p. 60.

Hah. Kiirlie Islands (tu" Chamisso).

Distrih. Arctic and alpine regions of Europe and North America (from Colorado

northwai'd), the Aleutian Islands, Kamtschatka, extreme eastern Siberia to the Trans-

Baikal district, northwestern China, northern Thiljet, the Altai mountains and northern

Ui-al.

187. Trientalis europaea, L. Sp. p. 344; Ledeb. Fl. Ross, iir, p. 24; Fr. & Sav. Enmn. n, p.

430; Herd. PI. Rndd. iv, ], p. 131; A. Gray, Synop. Fl. ii, p. 61.

Hah. ParamusMr, Urup, etc. ! {ex Max.) . Etorofa, at Rubetsu.—Var. arctica, Ledeb.

1. c, in the Kurile Islands (herb. Fisch., ex Herder).

Pisfril). Widely spread in Eui-o])e fi'om the arctic region to the northern Alps ; in

northern Asia to the Bering Sea and Manchuria, descending in Japan to the alpine

district of the main i.sland; and in North America, from Alaska southward to the moun-
tains of Oregon and California.
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GENTIANACE^.

188. Crawfurdia japonica, Sicb. & Zucc. Fl. Jap. Fam. I*^^at. ir, p. 36, n.54G; Miq. Piol.

Fl. Jap. p. 288; Fr. & Sav. Eiium. i, p. 324; C. B. Clarke in Hook. f. FI. Biit.

Ind. IV, p. 107. Goloivninia japonica, Max. Mel. Biol, iv, p. 41, t. 4.

Hah. Etorofu, at Furubetsu.

Distrib. Japan, China, Formosa, Sikkim, Hiinalaj^a.

189. Gentiana auriculata, Pall. Fl. Ross, ir, p. 102, t. 02, f. 1; Ledeb. Fl. Ross, irr, p. o-l;

Herder, PI. Radd. iv, 1, p. 149; A. Gray, Syuop. Fl. ir, p. 118; F. Schm. Fl.

Saeh. p. 100.

Hah. Karile Islands (Herder, ex Georgi). Urwp ! and elsewhere {ex Max.).

Dlstrih. Saghalin, northeastern Manchuria, Ochotsk district, Kamtschatka and adja-

cent islands, to ^Vlaska?

190. Gentiana glauca, Pall. Fl. Ross, ir, p. 104, t. 93, f. 2; Griseb. in DC. Prodr. ix, \).

Ill; Ledeb. Fl. Ross. Ill, p. 6(3; A. Gray, Synop. Fl. ii, p. 120; Herder, PI.

Radd. IV, 1, \). 172.—Var. major, Ledeb., 1. c.

Hal). JJnip ! {ex Max.).

Distrih. Eastern Sibei'ia from the northern Jabbonoi-Chrebet through the Ochotsk

region to Tcshuktclies-land and Kamtschatka. In North America, from arctic Alaska

along the higher and northern Rocky Mountains to Oregon.

191. Swertia perennis, L. Sp. p. 226; A. Gray, Synop. Fl. ii, p. 124. S. obtiisa, Ledeb.
• in Mem. Acad. Petersb. v, p. 526, and Fl. Ross, iii, p. 75; F. Schm. Fl. Amg.

Bur. p. 56.—Var. obtusa, Griseb. in DC. Prodr., ix, p. 132; Trautv. & Mey., Fl.

Och., p. 68; Herder, PI. Radd., iv, 1, p. 188.

Hah. Kurile Islands (herb. Fisch., ex Herder).

Distrih. This species is widely distributed throughout a greater part of the temper-

ate regions of Europe and in northern and central Asia and also in northwestern and

westei'u N^orth America. Our present variety is chiefly northern Asiatic and western

North American in its i-ange of distribution; and as var. caspidata, Max. (Mel. Biol., ix,

p. 398), in the alpine region of middle fJapan.

192. Swertia tetrapetala, Pall. Fl. Ross, ii, p. 99, t. 90, f. 2. SteUera cyanea, Turcz. in

BuU.Mosc. 1840, p. 167; Ledeb. Fl. Ross, iii, p. 72. Rellesta cyanea, Turcz. Fl.

Baic.-Dah. ii, 2, p. 270; Max. Prim. Fl. Amur. p. 198. Ophelia papillosa, Fr.

& Sav. Enum. ii, p. 450.

Hah. Kurile Islands (Steller, ex Turcz., etc.). JJnip .' and elsewhere (ea-'Max.).

Shikotan, grassy places on top of cliffs along the harbor. Etorofu, at Furubetsu and

Shibetoi'o.

Distrih. Eastern Siberia around the Ochotsk Sea ; northeastern Manchuria ; Kam-
tschatka, and through the Kurile Islands to the eastern coast of Yezo; Samani Sands,

Province Hidaka (K. M., Aug. 19, 1884, fl.) ; Yubutsu, Prov. Iburi (K. M., Aug. 23,

1884, fl.).

193. Menyanthes trifoliata, L. Sj). p. 145; Ledeb. Fl. Ross, in, p. 76; Fr. & Sav.

Enum. p. 325; A. Gray, Sjmop. Fl. u, p. 128.
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Ilal). raramusliir! (ex'Max.).

Distrih. "NViclt'ly distributed in tlic arctic and cool temperate regions of Europe, Asia

and North America.

BORRAGINACE^.

194. Cynoglossum furcatum, Wall, in Roxb. Fl. Ind. n, p. 6; Max. Mel. Biol. vill,p. 554;

C. B. Clarke in Hook. f. Fl. Brit. Ind. iv, p. 155; Fr. & Sav. Enum. i, p. 33G.

Hah. Etorofa, at Furubetsu.

Distr-ib. Thi'oughont Japan, from northern Yezo to Iviusiu, and in the mountains of

India, Ceylon and northern Afghanistan.

195. Mertensia maritima, G. Don, Syst. iv, p. 320; Ledeb. Fl. Ross, in, p. 132; Max.

Mel. Biol, vm, p. 532; A. Gray, Bot. Jap. p. 403, and Synop. Fl. n, p. 200;

Herd. PI. Radd. iv, 1, j). 22(3.

Mab. Karile Islands ! (hei'b. Fisch.).

Distrih. Arctic and noithern Europe, Asia and North America, descending in eastern

Asia to the northern provinces of the main island of Japan, and in North America to

"Washington Territory on the west coast, and to Cape Cod on the east.

196. Mertensia stylosa, DC. Prod.x, p. 91; Ledeb. Fl. Ross, iii, p. 135; Herd. PL Radd.

IV, 1, p. 231.

Hah. "Kurile Islands? (Steller, ex Pallas iu Willd. herb.)."

Distrih. Snbalpine region of Baikal-Siberia, Dahuria and eastern Siberia (on the

mountains of Ishiga).

197. Mertensia panicnlata, Don, Syst. IV, p. 318; A. Gray, Synop. Fl. ii, p. 201 ; Herder,

PI. Radd. IV, 1, p. 229. Mertensia jnlosa, DC. Prodi-, x, p. 90; Ledeb. Fl. Ross.

Ill, p. 134. Steenhammera pilosa, Turcz. in Bull. Mosc. 1840, p. 249. M. pu-
hescens, DC. Prodr. x, p. 90.

Hah. Kurile Islands (Steller, ex Pallas in Willd. herb., and herb. Pallas, ex' Herder)

.

Sliumsha! etc. (ea?Max.).

Distrih. " Hudson's Bay and Lake Superior, thence to the Rocky Mountains (south

to Utah and Nevada), Alaska, Behring Straits;" Kamtschatka and the Kuriles.

198. Mertensia livularis, DC. Prodr. x, p. 90; Ledeb. Fl. Ross, in, p. 135; Herder, PI.;

Radd. IV, 1, p. 232 ; Max. Mel. Biol. viii,]). 543. Lithospernmm rivtdare, Turcz.

in Bull. Mosc. 1840, p. 74. Steenhammera rivularis, Turcz., I. c. p. 248.

Hah. Kurile Islands (Orloff, ex Herder).

Distrih. Northern Manchuria, eastern Siberia in the Ochotsk disti'ict; and Kam-
tschatka and adjacent islands.

199. Mertensia sibirica, G. Don, Gen. Syst. iv, p. 319; A. Gray, Synop. Fl. ii, p. 200.

M. dentictdata, G. Don, 1. c; DC. Prodr. x, p. 90; Ledeb. Fl. Ross, in, p. 133.

Pulmonaria dentictdata, Chamisso in Linnaja, vi, p. 448. Uteenliammera pte-

rocarp)a, Turcz. in Bull. Mosc. 1810, p. 245?

Ilab. Kurile Islands? (eic Turcz.).

Distrib. Northern and eastern Siberia, Kamtschatka, arctic Alaska, and along the

higher mountains southward to Colorado and California.
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200. Myosotis intermedia, Link, Ennm. Ilort. Berol. i, p. 1G4; DC. Prodr. x, p. 108; Le-

deb.Fl. Koss. ui, p. 14G ; Max. Mel. Biol, viir, p. 54:5. M. arvensls, L. ; A. Gray,

PI. Jap. p. 316.

Hah. SJiil-otan, on hillsides.

Distrih. Europe, northern Africa, Siberia (excl. eastern Siberia), to northern Afghan-

istan and subalpine Kashmir; northern Japan.

SCROPHULARIACE^.

201. Linaria japonica, Miq. Prol. Fl. Jap. p. 47; Pr. & Sav. Enum. i, p. 312. L. geni-

uiljlora, P. Sehin.! PI. Sach. p. 161; Herder, PI. Radd. iv, 1, p. 293.

Hah. iShUvtan, on sandy beach.

Distrih. Along the coast-regions of Japan, especially common northward. Sagha-

lin, Manchuria.

202. Scrophularia alata, A. Gray, Bot. Jap. p. 101 ; Miq. Prol. PI. Jap. p. 47; P. Schm.

PI. Sach. p. 162; Herder, PI. Radd., iv, 1, p. 291; Pr. & Sav. Eiium. i, p. 342.

Hah. Sldkotau, moist places at the foot of clifls along the harbor. Etorofu, at Tsur-

ubetsu.

Distrih. Along the coast region of northern and middle Japan, Saghalin and Man-
churia (^ex Herder).

203. Mimulus ringens, L. Sp. p. 634; Ledeb. PI. Ross, ir, p. 223; Georgi, Beschr. Russ.

Reich, iij, p. 1113; A. Gray, Synop. Pi. ir, p. 276, Suppl. p. 446.

Hah. Kurile Islands? (Merk., ex Georgi).

Distrih. Canada and eastern United States to Iowa, south to Texas, and north to the

Hudson's Bay district.

204. Veronica longifolia, L. Sp. p. 10; Ledeb. PI. Ross, in, p. 232; Max. Prim. PI. Amur.
p. 207; Pr. & Sav. Enum., r, p. 348.

Hah. Kurile Islands! (ex Max.)

Distrih. Japan, Saghalin, Manchuria and eastern Siberia, westward through northern

Asia to the Atlantic coasts in Europe.

205. Veronica Beccabunga, L., var. americana, Glehn, ex Max. Mel. Biol, xr, p. 278. P.

americana, Schwcin.; Bcnth. in DC. Prodr. x, p. 468; A. Gray, Synop. PI. ii, p,

287 ; Herd. PI. Radd, i v, 2, p. 20. V. Beccahunga, P. Schm. PI. Sach. p. 163.

Hah. KurHe Islands ! (exMax.). ^to?-o/«, at Tsurubetsu.

Distrih. Tln-oughout Yezo, Saghalin, Kamtschatka, the Aleutian Islands, Alaska to

California and New Mexico, Canada and the northern Atlantic States.

206. Veronica aphylla, L., var. grandiflora, Benth. in DC. Prodr. X, p. 476; Ledeb. PI.

Ross. Ill, p. 245; Herd. PI. Radd. iv, 2, p. 32. V. (jrandiflora, J. Gartn. in Com-
ment. Ac. Petrop. XIV, p. 531, t. 18, f. 1. V. Tcamtschatica, L. f. Suppl. p. 83;
A. Gray, Synop. Fl. ir, p. 287.

Hah. Kurile Islands (ex Chamisso)

.

Distrih. Kamtschatka and adjacent islands to the Aleutian Islands (Kiska).

The tj'pical form of this species is found in the alpine districts of Europe.
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207. Veronica SteUeri, Pall.; Roem. & Sch. Syst. Mant. I, p. 102; Benth. in DC. Pi-oclr.

X, p. 481; Ledeb. Fl. Ross, in, p. 247; A, Gray, Synop. Fl. ii, p. 288; Max. Mel.

Biol. XII, p. 501.

Hah. Kn rile Islands (V:\\\.). SJinmsIiu! etc. (e;T;Max.).

Distrlh. Aleutian Islands; Kamtschatka; Saghalin; Yezo; Shikaribetsu in Tokacbi

(S. Tanouebi), and in tbe alpine region of middle Japan.

208. Veronica serpyllifolia, L. Sp. p. 12; Bentb. in DC. Prodr. x, p. 482; Ledeb. Fl. Ross.

Ill, p. 248; Turcz. Fl. Baic.-Dab., n, 2, p. 346; A. Gray, Synop. FL, ir, p. 288.

Hah. Kurile Islamis (ex Turcz.). Urup! (ex Max.).

Distrlh. Widely distributed in Europe, northern and soutbern Africa, nortbei'n and

middle Asia, a greater part of temperate Nortb America, and in tbe bigber mountains

of western Soutb America; Falkland Islands. In Japan it bas so far been found only

in tbe island of Yezo.

209. Euphrasia officinalis, L. Sp. p. 004; Ledeb. Fl. Ross, ni, p. 262; A. Gray, Synop.

Fl. II, p. 305; Fr. &. Sav. Enum. i, p. 351.

Hal). Karile Islands ! {ex Max.)

.

Distrih. Japan, Sagbalin, Kamtsebatka, eastern Siberia, Mancburia, westward

tbrougb nortbern and central Asia to Europe; Greenland, Labrador to tbe alpine regions

of !New England and westward to tbe northern Rocky mountains and Alaska.

210. Pedicularis Chamissonis, Stev. Monogi'apb. p. 20, t. 4, f. 1 ; Bunge in Ledeb. Fl.

Ross. Ill, p. 274; :VIax. Mel. Biol, x, p. 90, xi, p. 284, and xii, p. 858, t. o, f. 90;

A. Gray, Synop. Fl. ii, p. 306.

Hah. Shuynshu !, Paramusliir!, Gtc. (ea;Max.). _E'/oro/'?r, at Rubetsu.

Distrih. Kamtsebatka, the Aleutian Islands, Sitka, and the Kuriles. As xav.japonica,

Max., in tbe bigber mountains of Japan.

211. Pedicularis verticillata, L. Sp. p. 608; Bunge in Ledeb. Fl. Ross, in, p. 270; Max.

Mel. Biol. X, p. 95, xi, p. 286, and xii, p. 891, t. 6, f. 123; A. Gray, Synop. Fl. ii,

p. 305.

Hah. Urup! (ex Max.).

Distrih. Arctic and alpine I'egions of Europe, Siberia, nortbern Tibet, Mongolia,

nortbern China, northern Mancburia, Kamtsebatka audits adjacentislands, tbe Aleutian

Islands, and Alaska to the arctic regions.

212. Pedicularis amoena, Adams in Stev. Monog. p. 25, t. 7; Bunge in Ledeb. Fl. Ross.

Ill, p. 271; Max. Mel. Biol, x, p. 97, xi, p. 286, and xii, p. 886, t. 5, f. 115.

Hah. Knrile Islands! (ex Max.).

Distrih. Kamtsebatka, eastern and northern Siberia to arctic Russia, and alpine regions

of Daburia, nortbern Mongolia, and of the Altai, Alataii and Baikal.

213. Pedicularis resupinata, L. Sp. p. 608; Bunge in Ledeb. Fl. Ross, ill, p. 281 ; F.

Schm. Fl. Sacb. p. 163; A. Gray, Bot. Jap. p. 402; Max. Mel. Biol, x, p. 106,

and XI, p. 831, t. 3, f. 51; Fr. & Sav. Enum. i, p. 351.

Hah. Urup! (ex Max.). Etorofu, at Sbibetoi'o.

Disti-ih. Japan, Saghalin, Kamtsebatka, tbi'ougboiit Siberia, Mancburia, nortbern

China, Mongolia, and also in eastern Russia.
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Var. teucriifolia, Max. Mel. Biol, x, p. 107; Herder, PI. Eadd. iv, 2, p. 91. P. teucrii-

folia M. a Bieb. in Stev. Monog. p. 31, t. 10, f. 1; Buiige, in Ledcb. Fl. Ross,

"iir, p. 282.

Ilah. KurHe Islands! (fx-Max.).

Distrih. Kamtschatka and adjacent islands.

214. Pedicularis euphrasioides, Steph. in Willd. Sp. iir, p. 204; Bunge, in Ledeb. Fl.

Ross, in, p. 281; F. Schm. Fl. Sach. p. 163; A. Gray, Synop. Fl. ii, p. 307;
Max. Mel. Biol, x, p. 112, and xii, p. 901.

Hah. KurHe Islands! (eicMax.).

Distrih. Thronghont northei'n and eastern Siberia, Dahui-ia, northern Manchnria,
northern Saghalin, Kamtschatka and adjacent islands, Alaska and throngh arctic IN'orth

America to Labrador and Greenland.

OROBANCHACE^.

215. Boschniakia glabra, C. A. Mey. ex Bong. Yeg. Sitcha, p. 159; Ledeb. Fl. Ross.
Ill, p. 323; F. Schm.Fl. Sach. p. 164; A. Gray, Synop. Fl. ii, p. 313; Fr. & Sav.

Ennm. i, p. 354; Herder, PI. Radd. vii, p. 7.

Hah. Kurile Islands (^ex Pallas)

.

Distrih. Parasitic on the roots of Ahms viridis in eastern Siberia, in the Altai and
Baikal; Dahnria, northern Manchnria, Saghalin, northern and middle Japan, Kamt-
schatka, the Aleutian Islands, Alaska, and to the Slave Lake district.

LABIATE.

216. Scutellaria galericulata, L. Sp. p. 599; A. Gray, Synop. Fl. ii, p. 381.— Var. scor-

difolia, Regel, Tent. Fl. Uss. p. 118; Herder, PL Radd. in Act. II. Petro]). x, 1,

p. 28. S. scordifolia, Fisch.; Benth. in DC. Prodr. xii, p. 425; Ledeb. Fl.

Ross. Ill, p. 398; Fr. & Sav. Enum. i, p. 377.

Hah. Shikotan, in grassy places along the beach.

Distrih. Japan, Saghalin, Kamtschatka, eastern Siberia to the Altai district of Si-

bei'ia, Manchnria, Corea, Mongolia and northern China.

The species is widely distributed in Europe, noithern Asia and North America.

217. BruneUa vulgaris, L. Sp. p. 600; Benth. in DC. Prodr. xii, p. 409; Ledeb. Fl.

Ross, ui, p. 392; A. Gray, Synop. Fl. ii, p. 382; Fr. & Sav. Enum. i, p. 376.

Hah. Etorofn, at Furubetsu and Arimoi.

Distrih. Throughout the north temperate zone, mountains of Mexico, Australia and
Tasmania.

218. Galeopsis Tetrahit, L. Sp. p. 579; Benth. in DC. Prodr. xii, p. 498; Ledeb. Fl.

Ross. Ill, p. 421; F. Schm. Fl. Sach. p. 165; A. Gray, Synop. Fl. ii, p. 385.

Hah. Shikotan, along small streams in the harbor, common. Etorofa, at Shana.

Distrih. Yezo, in Nemui-o; Saghalin, Kamtschatka, Kodiak, Sitka, eastei-n Siberia,

Manchuria, and to the Atlantic coasts of Europe. Naturalized in eastern North America
from Europe.
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219. Stachys aspera, Michx. Fl. Bor.- Am. u, p. 5; A. Gray, Synop. Fl. n, p. 387.—Yar.

baicalensis, Max. Fl. Asise Or. Frag. p. 44; Herd. PI. Eadcl. in Act. H. Petrop.

X, 1, p. 32. S. liiederi, Cham, in Linnpea vi, p. 570. S. hailcalensis, Fisch. in

Benth. Lab. p. 543; Fr. & Sav. Eiuim. i, p. 378 (in part). S. palustris, v&v.

hispida, Ledeb. Fl. Ross, iii, p. 414. S. palustris, var. aspera, f. angustifolla!

A. Gray, Bot. Jap. 403.

Hah. Shikotan, in wet places.

Distrib. Yezo: Hakodate (J. Small), Sapporo, and common elsewhere; Saghalin,

Kamtschatka, eastern Siberia along the Ochotsk coast to the Baikal district, and Man-
churia. The species is widely disti'ibuted in the temperate regions of North America

(west to NcAV Mexico and Oregon), and in northeastern and eastern Asia under vari-

ous forms.

I can hardly agree with Professor Maximowicz in considei'ing some of the American

forms of this species as identical with our present variety. Among the large number

of specimens in the Gray Herbarium from different parts of the United States, I have

failed to find any that agree even tolerably well with our Asiatic plant. Dr. Gray's

var. glabra seems to approach nearest to var. japonica, Max., all characters considered.

PLANTAGINACE^.

220. Plantago kamtschatica, Link, Enum. H. Berol. I, p. 120; Ledeb. Fl. "Ross, in, p. 478;

F. Schm. Fl. Sach. p. 165; Herd. PI. Radd. in Act. Hort. Petrop. x, 1, p. 62.

P. media, A. Gray, PI. Jap. p. 316.

TIah. Etorofu, common at Furubetsu, Shana and Shibetoro.

Distrib. Kamtschatka, Saghalin and Yezo.

P. asiatica, var. vidgaris, Turcz. Fl. Baic.-Dahur. ii, fasc. 1, p. 11, is very closely re-

lated to our plant, and may be identical with it. Maack's Amur specimen, for instance,

can scarcely be distinguished from P. hamtscliatica, except by its leaves being occasion-

ally 7-nerved and its spikes more elongated.

221. Plantago major, L. Sp. p. 112; Ledeb. Fl. Ross, iii, p. 477; A. Gray, Synop. Fl. il,

p. 389.—Yar. asiatica, Dcsne. in DC. Prodr. xirr, 1, p. 695. P. asiatica, L. Sp.

113; Ledeb. Fl. Ross, in, p. 479; Fr. & Sav. Enum. i, p. 384, n, p. 469.

Hah. Etorofu, at Furubetsu and Shana.

Widely distributed in several forms throughout the continent of Asia, southern Eu-

rope and western IS^orth America. P. major, L., var. Asiatica, A. Gray, 1. c, appears to

be identical with P. major, var. (P. japonica, Fr. & Sav. Enum. i, p. 384, ii, p. 469),

the capsule in both cases being subglobose or broadly ovoid, and 10-12-seeded.

My Kurile plants, as well as those which are found commonly throughout Japan from

Yezo to the Loochoo Islands, and which are generally recognized as P. major, L., var.

asiatica, have only four or five seeds in each capsule. The seeds are greatly larger than

in the typical P. vwjor, and the capsules are more elongated and have a tendency to

taper at the tip. Franchet suggests that our ])lant may be P. Cornuti, Gouan. (P.

paludosa, Turcz.). P. Cormiti, however, has conspicuously Avinged seeds and blunt
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ovoid capsules. Its leaves are elliptical, taperiug gradually at both ends, and are gener-

ally shorter than the petioles.

Our plant ni:iy be a good geographical form of the widely spread P. major, L.

MONOCHLAMYDEvE.

CHENOPODIACEaj.

222. Chenopodium album, L.; Moquin in DC. Prodr. xiii, 2, p. 70; Fenzl in Ledeb. Fl.

Eoss. Ill, p. 697; Benth. Fl. Austr. v, p. 159; Fr. & Sav. Enum. i, p. 380.

Hah. Shihotan. Etorofn, at Tsurubctsu.

Very common in Asia and Europe, spreading over the other parts of the world.

223. Salsola Soda, L. Sp. ]). 323 ; Moq. in DC. Prodi-, xiii, 2, p. 189 ; Fenzl in Ledeb. Fl.

Eoss. in, p. 803; F. Schm. Fl. Sach. p. 1G7; Fr. & Sav. Enum. i, p. 388.

Hah. Sliil-otan. Etoroju, at Tsurubetsu.

Dlstrih. Southern Europe, northern Africa, desei't regions of western and middle

Asia, Saghalin, Japan and southwestern Manchuria.

POLYGONACE^.

224. Polygonum aviculare, L.; Meisn. in DC. Prodr. xiv, j?. 97; Ledeb. Fl. Eoss. iii, p.

531; A. Gray, PI. Jap. p. 317; Fr. & Sav. Enum. i, p. 394.

Hah. Etorofn, at Furubetsu and Shana.

Distrib. Native of Europe and temperate Asia, now naturalized in most parts of the

woild, especially in the temperate zones.

225. Polygonum viviparum, L. Sp. p. 516; Meisner in DC. Prodr. xrv, p. 124; Ledeb.

Fl. Eoss. ui, p. 519; Cham. & Schlecht, in Linnsea, ui, p. 38; Trautv. &Mey. Fl.

Och. p. 75; Hook. f. Fl. Brit. Ind. v, p. 31.

Hob. Kurile Islands {ex Pallas). Etorofu, at Furubetsu, Nobori and Shibctoio.

Distrib. Arctic and alpine i-egions of Europe, Asia and North America. In Japan
it extends southward to the alpine district of the main island ; and in western North
America to Utah, Colorado and Nevada.

226. Polygonum amphibium, L. Sp. p. 517; Meisner in DC. Prodr. xiv, p. 115; Ledeb. Fl.

Eoss. Ill, p. 520; Hook. Fl. Bor.-Am. ii, p. 131 ; F. Schm. Fl. Sach. p. 168; Hook,
f Fl. Br. Ind. v, p. 31.

Hab. Etorofu, at Eausu.

Distrib. Eui'ope, northei-n Asia, south to western Himalaya, Manchuria and the north-

ern part of Yezo ; northern North America to southern California, and along the Eocky
Mountains to Mexico, and eastward in the Noi'thern States; also in southern Africa.

227. Polygonum Weyrichii, F. Schm. in Max. Prim. Fl. Amur. p. 235, Fl. Sach. p. 169.

—Yar. alpinum, Max. ! in Fr. & Sav. Enum. i, p. 402, and Mel. Biol, ix, p.

617. P. pobjmorphiim, var. lajxdhifoliam, F. Schm.? in Max. Prim. p. 234.

Hab. Shikotan, on the hillsides. Etorofu, at Shana and Shibetoro.
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The Kurile plant coincides exactly with the Fuji specimen collected by Tschonoski, ex-

cept in size. It is abont two to thi-ee feet high, and the leaves are more distantly placed.

P. trqderocarpum, A. Gray, in MS. [Ochotsk Sea (J. Small) ; Arakamtschetchene Isl-

and, Bering- Straits (Wriglit) ; Plover Bay, eastern Siberia (Dall)], approaches onr plant

nearesitiii th^ characters of its flowers and frnit. The leaves are linear-lanceolate, short-

petioled or subsessile, usually crowded two or three together at the nodes, smooth or

sometimes slightly hairy on the veins beneath, eiliate and somewhat revolute at the mar-
gins; sheath entire; jmIosc, especially at the base. (See Kothrock, Fl. Alaska, p. 453.)

Distrih. Alpine districts of middle and northern Japan; Saghalin, and northeastern

Manchuria? In Japan the tyjiical form is found only in the volcanic districts.

228. Rumex Acetosa, L.Ledeb.; Fl. Eoss. in, p. 510; Meisner in DC. Prodr. xiv, p. 64;

Keg. & Til. Fl. Och. p. 74; Fr. & Sav. Enum. i, p. 395; Hook. f. Fl. Brit. Ind.

V, p. GO.

Huh. Etorofn, at Tsurubetsu and Shana.

Distrih. Europe, northern Asia, western Himalaya, Jajian from Yezo to Loochoo,

and Alaska.

229. Rumex graminifolius, Lamb, in Trans. Linn. Soc. x, p. 264, t. 10; Ledeb. Fl. Poss. iir,

]). 512; Meisner in DC. Prodi-., xiv, p. 64. B. Acetosella var. gmminifolia,

Schrenk, Reise durch d. Tundr. d. Samoj. ii, p. 519; Trautv. PI. Sib. Bor. p. 99,

and Fl. Ter. Tschuk. p. 32.

Hob. Kurile Islands (ex Pallas)

.

Distrih. Arctic Russia, northern Siberia to Tschuktches-land, Kamtschatka and
adjacent islands.

URTICACE.a!.

230. Ulmus campestris, Sm. Eng. Bot. t. 1886; Planch, in Ann. Sc. Nat. ser. 3, x,p. 272,

and DC. Prodr. xvii, p. 156; Trautv. in Max. Fl. Amur. p. 247; Max. M61. Biol.

IX, p. 22; F. Schm. Fl. Sach. p. 174; Fr. & Sav. Enum. 1, p. 431 ; Georgi, Beschr.

d. Russ. R., Ill, 4, p. 828; Ledeb. Fl. Ross, in, ]). 646.

Hah. "Auf der naehsten Kurilischen Insel" (ex Georgi).

Distrih. Middle and southern Enrope, northern Africa, northern Asia to Manchuria,

Saghalin and Japan.

231. Urtica dioica, L. Sp. p. 984; Ledeb. Fl. Ross, in, p. 637; "Weddell in DC. Prodr.

XVI, p. 50.—Yar. angustifolia, Ledeb. Fl. Alt. vi, p. 240; Weddell, 1. c, p. 52; Max.
Mel. Biol. IX, p. 619; Fr. & Sav. Enum. i, p. 437.

Ilab. Kurile Islands/ (eicMax.).

Distrih. Middle and southern Japan; Corea, northern China, Manchuria, eastern

Siberia, Transbaikal, Dahuria, Altai Mountains to Russia. Also found in Mexico.

Yar. platyphylla, Weddell, 1. c, p. 51 ; Max. Mel. Biol, ix, p. 620. U.2ilaty2Jhijlla,'\YeM.

Monog. p. 86. U. dioica, F. Schm. Fl. Sach. p. 174.

Hah. Shikotan, on hillsides. Etorofu, common around Fnrubura, Shibetoro, and
other places.

Distrih. Yeiy common in northern Japan; southern Saghalin and Kamtschatka.
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CUPULIFEB^.

232. Betula alba, L., subsp. latifolia, var. Tauschii, Kegel ! in Bull. Mo.sc. 18G5, p. 399, t. 7,

f. 11-14, and in DC. ri'odi-. xvj,
i).

103; Fr. & Sav. Enum. i, p. 455.

Ilah. Etorofu, at Shibetoro, and Arimoi.

Distrih. Middle and noilliern Japan, Mancliui'ia and Siberia, at Nasimovo, and by

Lake Baical.

233. Betula Ermani, Cham, in Linnsea, vr, p. 537, t. G, f. D; Ledeb. Fl. Ross, iir, p. 653;

Trautv. & Mey. Fl. Och. ]). 83; Keg. & Til. Fl. Ajan. ]). 119; Trautv. in Max.
Prim. Fl. Amur. p. 252; Kegel, in DC. Prod, xvi, p. 176.—Var. typica, Reg.

Bull. Mosc. 1865, p. 415; Max. Mel. Biol, xri, p. 923.

JIa7>. J^/orofii, at Fiu'ubetsu and Xobori on the Arimoi side.

Disfrib. Aleutian Islands, Ivamtschatka,tlielvurile Islands, and Yezo; Nemuro! and

Saruru Sands!

The species is distributed in several forms in castei-n Siberia, Kamtschatka and ad-

jacent islands, Manchuria, Saghalin, and northern and middle Japan.

234. Alnus viridis, DC. Fl. Fr. Ill, p. 304.—Var. sibirlca, Kegel in Bull. Mosc. 1865, p.

422. and in DC. Prodr. xvi, p. 182; Fr. & Sav. Enum. i, p. 45(5. Alnasfer fruti-

cosl(.s,'Le(.M:>. Fl. Ross. Ill, p. 655 ; Trautv. & Mey. Fl. Och. p. 85 ; Trautv. inMax.

Fl. Amm-. p. 257; F. Schm. Fl. Sacb. p. 175.

ITah. Kurile Islands (ex Pallas). Etorofa, at IN^obori, on the Arimoi side.

Distrih. Alpine districts of Europe; Siberia from the Ural to Kamtschatka; Dahu-
ria, Manchuria, Saghalin, northern and middle Japan, the Aleutian Islands, northern

!North Amei-iea and Greenland.

235. Alnus incana, Willd. Sp. IV, p. 335.—Var. hirsuta, Spach, Rev. Bet. in Ann. Sc. ISTat.

ser. 2, XV, p. 207; Ledeb. Fl. Ro.ss. in, p. 656; Reg. in Bull. Mosc. 1865, p. 434,

and in DC. Prodr. XVI, p. 189; Trautv. in Max. Fl. Amur. p. 258; F. Schm. Fl.

Sach. p. 175.

JI(/h. Sliikotan, on hillsides. Kurile Islands {ex Georgi).

Distrih. Yezo, Saghalin, Kamtschatka, eastern Sibei'ia, Manchuria and Dahuiia.

The species is widely distributed in Europe, northern temperate Asia and Xoith
America.

236. Quercus grosseserrata, Blume, Ann. Mus. Lugd.-Bat. i, p. 306; DC. Prodr. xvi, ]).

16. Q. crisjjula, var. grosseserrata, Miq. Ann. Mus. Lugd.-Bat. i, p. 104; Fr.

& Sav. Enum. i, p. 446.

Ilah. Etorofu, at Furubetsu and Kobori on the Arimoi side.

Distrih. Japan.

The absence of fruit in the original specimens very naturall^y led Miquel to unite this

species Avith Q. crisjmla, for there is ceitainly a close resemblance in their leaves. The
fruit of Q. crispiila is, however, verv ditferent from that of Q. grosseserrata. In the

former the cup is deepci', embracing about half the cylindi-ic nut, falling off' with it when
ripe; Avliile in the latter the cup is hemispherical, enclosing about one-third of the ovoid-

oblong nut which falls oft' free when ripe.
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All t'xaminalion of a vci'v lai-gt' iiiiiulxT of specimens IVom diH'efeiit parts of Japan,

Maiicluiria and China, shows a great simihirit}' between Q. grosseserrata and Q. mongo-

lica, Fiseh., of Saghalin and the main lands. There are sHglit differences in the charac-

ters of the cup-scales and of the foliage, jjut scarcely more than sufficient to make them

merely varieties of one species.

SALICACE^.

237. SalixCaprea, L. Sp. p. 1020; Anders, in DC. Prodr. xvi, 2, p. 222; Ledeb. Fl.

Koss. :u, p. 609; Max. Fl. Amur. p. 2i3; F. Schm. Fl. 8ach. p. 173; Reg. Tent.

Fl. Uss. p. 131 ; Trautv. & Mey. Fl. Och. p. 78 ; Kegel & Tiling, Fl. Ajan. p. 117.

JTab. Sliikotan, on hillsides. JEtorofit, at Farul)etsu and Noboi'i.

Distrih. Europe, western Asia aei-oss the iiorthei'n and central portions to eastern

SilK'ria, Manchuria, Saghalin and northern fJapan.

238. Salixstipularis, Sm. Fl. Bi-it. ii, p. lOGi); Ledeb. Fl. Ross, iii, p. G05; Anders, in

DC. Prodr. XVI, 2, p. 266; Turcz. Fl. Baic.-Dah. n, p. 107; Max. Prim. Fl. Amur.
p. 243; F. Schm. Fl. Sach. p. 172.

Hah. Etorofu, between Arimoi and Shana.

Distrih. Europe; northern Asia to Manchuria, Saghalin and Yezo.

239. Populus tremula, L. Sp. p. 1034.—Var. villosa, Wesmael in DC. Pi'odr. xvi, 2, p.

325; Max. Fl. As.-Or. Frag. p. 49; Fr. & Sav. Enum. i, p. 463. P. villosa,'

Lange. in Reichb. Icon, xr, p. 30, t. 617, f. 1273.

Hah. Eto7'ofu, near Tsurubetsii and at Shibetoro.

Distrih. Middle Europe; northern and middle Japan. The species is distributed

over the greater ]iart of temperate Europe, northern Africa, and northern Asia to Man-
churia and Saghalin.

EMPETBACE^.

240. Empetrum nigrum, L. Sp. p. 1022; Ledeb. Fl. Ross, in, p. 55-5; DC. Prodr. xvi, 1,

p. 25; Pallas, Fl. Ross, i, 2, p. 49; F. Schm. Fl. Sach. p. 171; Fr. & Sav. Enum.
I, p. 429.

Hah. Kurile Islands {ex Pallas) . Skumshu (J. Akakabe, and Hakodate Museum)

.

Eiorofii, at Shibetoro. Kvnajiri (middle Nakamnra).
Distrih. Arctic and alpine regions of the northei'n hemisphere; the Andes and ant-

arctic America, extending to the islands of Tristan d'Acunha.

GY]SINOSPERM^.

CONIFEE^

241. Juniperus communis, L. ; Pall. Fl. Ross. I, 2, p. 12, t. 54; Ledeb. Fl. Ross, in, p.

mi.; Carr. Conifer, p. 21; Pai-lat. in DC. Prodr. xvi, 2, p. 479; Max. Fl. Amur,
p. 260; F. Schm. Fl. Sach. p. 178; Masters, Conifers of Japan, p. 497.
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Hah. Kif rile Islands (e.« Pallas).

Distrib. Europe, -western Himalaya, Siberia, Kamtschatka, Dahiiria, Manchuria, Sag-

halin, Bi'itish America to Xew Mexico and Xorth Carolina.

242. Taxus cuspidata, Sieb. & Zncc. Fl. Ja]i. il, p. 61, t. 128; Miq. Prol. Fl. Jap. p.

333; Parlat. iuDC. Prodr. xvi, 2,p 502; Fr. & Sav. Ennm., i, p. 472; Masters,

Con. Jap. p. 499. Taxushaccata, var. microcaiya, Trantv. in Max. Prim. Fl.

Amnr, p. 259; F. Schm. Fl. Sacb. p. 175.

Hah. Etorofa, at Sbibetoro. Kiu-ile Islands, from Ketoi, the fifteenthisliul s^.iLh-

Avard {ex Pallas, N". N"ord. Bcitr. iv, p. 128).

Distrib. Japan, Saghalin and Manchuria.

I can detect no differences betAveen the Japanese ]ilant and that of Saghalin and Man-
churia in their characters of leaves and fruits. The ripened seeds in both cases are oval-

orbicular, compressed, with two or i-arely three ridges towai'd the apex, obtusely short-

mucronate, chestnut-brown, and about 5 1-2 nun. long. T. brevifolia, Nutt., of western

^orth America, is most closely related to our plant.

243. Pinus parviflora, Sieb. & Zucc. Fl. Jap. ir, p. 27, t. 115; Parlat. in DC. Prodr.

XVI, 2, p. 404; Fr. & Sav. Enum. i, ]i. 464; Eugehn. Revision, p. 15, adnot. 2

(Bot. Works, p. 370); Masters, Con. Jap. p. 504.

Hah. Kurile Islands {fide Siebold).

Distrib. Middle and northern Jai)an; also in Nutka Island {Jide Engelm.).

244. Pinus pumila, Regel in Regel, Each und Herder, PI. Pawl., no. 54; Glehn in Act.

H. I^etrop. IV, p. 87; F. Schm. Fl. Sach. p. 177. P. Cevibra, var. j^mila. Pall.

Fl. Ross, r, 1, p. 4, t. 2, f. E-H; Ledeb. Fl. Ross, in, p. 674; Turcz. Fl. Baic-

•Dah. II, p. 141; Pari, in DC. Prodr. xvi, 2, p. 403; Max. Prim. Fl. Amur. p.

262; Masters, Con. Jap. p. 505.

Hah. Kurile Islands (ea? Pallas, etc.). Shumshu (Akakabe). .E'^orq/M, at Furubetsu

and iSTabori.

Distrib. Northern and eastern Siberia, Dahuria, Manchuria, Saghalin, northern

Japan, Kamtschatka, and arctic Alaska.

245. Picea obovata, Ledeb. Fl. Alt. iv, p. 210; Carr. Conif. p. 253; Max. Prim. Fl. Amur.
p. 261; Regel, Tent. Fl. Uss. p. 136; Masters, Con. Jap. p. 506. Pinus orien-

talis, Ledeb. Fl. Ross, iii, p. 671 (in ])art). Pinus obovata, Antoine, Conif. p.

96, t. 37, f. 2. Pinus Abies, Pall. Fl. Ross, i, 1, p. 6 (excl. synon.).

Hah. Kurile Islands? (e« Pallas).

Distrib. I^Tortheastern Euro[)e, fi'om the Ural and Altai regions to eastern Siberia,

Dahuria and Manchuria.

246. Larix dahurica, Turcz. in Bull. Mosc. 1838, p. 101 ; Carr. Conif p. 270; Regel, Rev.

Sp. Gen. Lar. p. 59, n. 6. L. kamtschatica, Carr. 1. c, p. 279. Pinus dahurica,

Fisch. in End!. Conif. p. 126; I^edeb. Fl. Ross, in, p. 673.

Var. japonica, Max.! in Regel, 1. c, p. 60; Gartenf. 1871, t. 685, f. 5.

Hab. S/iil-otan. Etorofu, at Fui'ubctsu and ^Vrimoi. Pallas mentions in his ]N^eue

Nordische Beitrage, iv, p. 133, that a larch occurs in Etorofu, growing only in the south-

ern half of the island, and also in Kunashiri.
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This v^ai-icty seems to be restricted to the soufliein Kuriles and northeastei-n Yezo.

The phuit has been transplanted from EtoroAi to the temple grounds of southern Yczo.

ProfV'ssor jNIaximowicz's original s])eeimens ai-e fi-om a cultivated tree in Hakodate. The

])lant is distinct from Larix japonlca, Mnrr. (L. leptolepis, vai'. Murrayana, Max.), which

grows on INIt. Fuji.

The species is distributed through arctic and eastern Sibei'ia, Dahuria, Manchuria,

noilhern China, Saghalin, extreme northern Jai)an, and Kamtschatka.

MONOCOTYLEDOXES.
ORCHIDACE^.

247. Microstylis monophyllos, Liudley, Gen. & Spec. Orchid, p. 19; Ledcb. Fl. Koss. IV,

p. ;)(); Hook. El. Bor.-Am. ir, p. 193; Gray, Man. 5th ed. p. 509; Turcz. Fl.

Baic.-Dah. ii, fasc. 1, ]). 173; Kegel & Tiling, Fl. Ajan..]i. 121. Oj^hrj/s mono-

jj/iyllos, L. Sp. p. 947. Malaxis fnonojjJo/llos, Sw^artz in Act. Bot. Stockh. 1800,

p. 234; Francliet, PI. Hav., p. 294. Malaxis diplnjUos, Cham, in Linufea, in,

p. 34 {fide Turcz.). J/Zcros^y/is j«^w/itt'«, Matsnmura? in Cat. PI. Herb. Univ.

Tokyo, p. 189.

Ilah. Sliil-otan, in exposed grassy pLaces on top of cliffs. Etorofu, at Furubetsu.

Distrih. Xortliern and middle Eui-ope; northern Asia, fi-om the Ural and Altai re-

gions to eastern Siberia, Dahuria and northern Cliina; Yezo (Bohmer, 2-leaved form);

Fuji-yama? (Y^alal)e); the Aleutian Islands; and British Amei-ica to 111. and Penn.

248. Liparis Schmidtii, Bcnth. in Journ. Linn. Soc. x^^rii, p. 294, and in Bentli. & Hook.

Gen. PI. Ill, p. 495. Ephippiaiithus Schmidtii, Reichl). f. in Regensb. Flora, 1868,

p. 33, in F. Schm. Fl. Sach., t. 6, f. 1-7, and Xenia Orchid, ii, p. 188, t. 180.

E. .wc7if/?me??.s^?'.s-, Reichb. f. in F. Schm. Fl. Sach. p. 180; Matsumura, Cat. PI.

Herb. Univ. Tokyo, p. 190.

Hah. Etorofu, in mossy places on NolM^ri, growing with Linncea horealis.

Distrih. Soutliern Saghalin and the Kuriles, Yezo and alpine districts of middle Japan.

249. Orchis aristata, Fisch. ex Lindl. Orchid, p. 262; A. Gray, Bot. Jap. \). 409; F. Schm.

Fl. Sach. ]). 181. O. latifolia, var. Beeriiif/iaua, Cham. & Schlecht. in Linn.'ca,

III, p. 26; Hook. & Arn. Beech. Voy. p. li7; Fr. & Sav. Enum. ii, j). 29.

Ilab. Kurile Islands! (e«Max.). Etorofu, at Hubetsu.

Distrih. Middle and noi-theru Japan, southern Saghalin and Kamtschatka; the Aleu-

tian Islands and Alaska.

250. Habenaria conopsea, Beuth. in Benth. & Hook. Gen. PI. in, p. 625; Hook. Stud.

Fl. Brit. Isl. 3rd ed. p. 393. Gymnadeiiixi conopsea,lX. Br. in Ilort. Kew. v, p.

191; Ledeb.Fl.Ross. iv,p.64; Turcz. Fl. Baic-Dah. ii, 1, p. 179; Lindl. Orchid,

p. 275; F. Schm. Fl. Sach. p. 181; Reg. & Til. Fi. Ajan. p. 121; Franchet, PI.

Dav. p. 294.

Hah. Shiliotaju on hillsides. Etorofu, at Rubetsu.

Distrih. In arctic and temperate Europe; western and noi-thern Asia to eastern Si-

beria, noithi-rn China; Manchuria; Saghalin and northern Japan. As var. iissuriensis,

in southern Manciuiiia and middle Japan.
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251. Habenaria ussuriensis, Max. Mel. Biol. xiT, p. 551 (muler Platanthera). P. tijyu-

loides, xiii: ussurien.sis, Eogel & Maaek, Fl. Uss. p. 143,1. 10, f. 7-9; Fr. &
Sav. Enuin. ii, p. 32.

IIcJj. PJtorofu, at Furiibetsn and Shibetoro.

Distrih. Southeastern Maiifhuvia; Japan, from Kiusiu to northern Yezo and south-

ern Xuriles.

My ])lant corresponds exactly with a specimen in the Gray Herbarium from Maximo-
wicz, collected in northern Japan, The plant is much larg-er than that repi-esented by

Regel in his Tentamen Florae Ussuriensis.

252. Habenaria {Platanthera) minor, Reichb. f. Oreh. Jap. Symb. in Bot. Zeit. 1878, p.

75. H. jaj>onica, var. minor, Miq. Piol. Fl. Jap. p. 139.

Hah. Etorofu, near Hubetsu in bog-gy places, growing with Paniassia palifstris.

Miqnel does not state the locality for his plant, but it may probably be somewhere in

the alpine districts of middle or northern Jajian. T.schonosld collected the same plant

in Nambu. The flower of the Etorofu i)lant was greenish in color Avhen collected. Ac-
cording to Reichenbach the plant is related to Platanthera mandarina and P. tqruloides.

IRIDE^.

253. Iris setosa, Pall, in AVilld. herb.; Ledeb. Fl. Ross, iv, p. 96; A. Gray, Bot. Jap.

]). 412; F. Schm. Fl. Sach. p. 184; Trautv. PI. Sib. Bor. p. 114; Max. Mel. Biol.

X, p. 713; Fr. & Sav. Ennm. n, p. 42.

Ilab. Kurile Islands! {ex Max.). STiilcotan. Etorofu, at Rubetsu and Shibetoi'o.

Distrib. Eastern Siberia, Manchuria, Saghaliu, Yezo, Kamtschatka, the Aleutian Isl-

ands and Alaska.

lilLIACE^

254. Polygonatum oificinale, xVll. Fl. Pedemont. l, \^. 131; Ledeb. Fl. Ross. iv. p. 123;

Baker, Journ. Linn. Soc. xiv,p. 554; Max. Mel. Biol. xr,p. 846.—Var. Maxiniowic-

zii Max. 1. c. P. 3laximowiczii, F. Schm. Fl. Sach. p. 185; Baker, 1. c, p. 5i)Q.

P. sp. indeterm, Max. Fl. Amur. [>. 275. P. o^cinale, var. plurlfloi'Uin, Miq. Prol.

p. 312.

Hah. Etorofu, at Furnbetsu.

Distrih. Japan, Saghaliu, Manchuria and northern China.

The species is widely distributed in Europe and in temperate Asia.

255. Polygonatum humile, Fisch. in Max. Prim. Fl. Amm-. p. 275; F. Schm. Fl. Sacli.

p. 185; Fr. & Sav. Enum., ii, p. oo; Max. Mel. Biol, xi, p. 845. P. officinale,

var. humile, Baker in Journ. Linn. Soc. xrv, p. 554.

Hah. Etorofu, at Rausn.

Distrib. Middle and northern Japan, Saghalin, Manchuria and Dahui-ia.

256. Streptopus amplexifolius, DC. Fl. Fi-. iir, p. 174; Kunth, Enum. iv, ]). 205; Max.
Fl. Amur. p. 273; F. Schm. Fl. Sach. p. 185; Fr. & Sav. Enum. n, p. ryA

; Wat-
son, Pi-oc. Am. Acad, xiv, p. 269.
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Ilab. Etorofu, near Tsurubetsii.

Distrih. Central Europe, northwestern China, ^raneliiiria, Saghalin, northern and

middle Japan, Kamtschatka; Alaska to northern California and New Mexico, across the

nortli temperate region to the Atlantic coast, from Pennsylvania to Greenland.

257. Maianthemum bifolium, DC. FI. Fr. Iir, p. 177; Kimth, Ennm. v, p. 147; Baker,

Journ. Linn. Soc. xiv, p. 562; Watson, Proc. Am. Acad, xiv, p. 246.—Yar. kam-

tschaticum, Trantv. & Mey. Fl. Och. p. 92; F. Schm. Fl. Sach. p. 185; A. Gray,

Bot. Jap. p. 414; Max. Fl. Amnr. p. 276. Smilac'ma hifolla, Desf., var. Tcam-

tsdiatica, Gmel. Fl. Sib. i, p. 35; Ledeb. Fl. Ross, iv, p. 127; Fr. et Sav. ii, p. 55.

JJab. Etorofu, at Fnrnbetsn and Shibetoro.

Distrib. Manchni'ia, Saghalin, northern Japan, eastern Sibei'ia, Kamtschatka, the

Alentian Islands, and from AJaska to California (var. dilatatam, Watson, 1. c).

258. Convallaria majalis, L. Sp. p. 314; Knnth, Ennm. v, p. 131; Ledeb. Fl. Ross. IV,

p. 126; Baker, 1. c., p. 552; Watson, 1. e., p. 242; Max. Fl. Amur. p. 276; Fran-

chet, PI. Dav. p. 303; F. Schm. Fl. Sach. p. 185; Fr. & Sav. Ennm. ii, p. 54.

C. ^e^^s^e^, Miq. Prol. p. 312 {ex Baker).

Ilah. Etorofu, at Rnbetsn.

Distrib. Enrope, northern Asia to ]\[anchuria, noitheiMi China, Japan, Saghalin, and

Corea. In North America, in the Alleghanies (Virginia to South Carolina).

259. HemerocaUis Middendorffi, Trantv. & Mey. Fl. Och. p. 94; Max. Prim. Fl. Amnr.

p. 285; Regel,Fl. Uss. p. 153; F. Schm. Fl. Sach. p. 187; Regel, Gartenf. 1866,

p. 292, t. 522; Bakei-, Journ. Linn. Soc. xr, p. 359.

JIah. Etorofu, at Tsnridjetsn, and Rnbetsn.

Distrib. Eastei-n Siberia in the Ochotsk district, Manchuria, Saghalin and northern

Japan.

260. Allium Victorialis, L. vSp. p. 295; Ledeb. Fl. Ross, iv, p. 184; Kunth, Ennm. iv,

p. 432; A. Gray, Bot. Jap. p. 416; Regel, Aliiorum Monog. p. 170, and Allii Sp.

Asipe, pp. 294, 346; Fr. & Sav. Ennm. ii, p. 78.

JIab. Etorofu, at Rnbetsn and Shibetoro.

Distrib. In alpine regions of southei'n and middle Europe; Siberia in the Ural, Altai,

Baikal and eastern districts; Himalaya; western and northern China, Mongolia, Dahu-

ria, Manchuria, Saghalin, middle and northern Japan, and Kamtschatka.

261. Lilium cordifolium, Thnnb. in Linn. Trans, ii, p. 332; Sieb. & Zucc. Fl. Jap. I, p.

33, tt. 13, 14; Miq. Ann. Mus. Lngd.-Bat. in, p. 157; Baker, Journ. Linn. Soc.

XIV, p. 227; Fr. & Sav. Ennm. ii, p. 72; Bot. Mag. t. 6337; Elwes, Monog.

Gen. Lilium, t. 1. JJemerocallis cordata, Thunb. Fl. Jap. p. 143. LiliHm

Glehni, F. Schm. Fl. Sach. p. 187.

Ilab. K(i rile Islands (ex SiQho]d).

Distrib. Saghalin, Jaj^an, China.

262. Lilium dahuricum, Gawl. Bot. Mag. t. 1210; Knnth, Ennm. iv. p. 264; Baker,

Journ. Linn. Soc. xiv, p. 238; Elwes, Monog. Gen. Lil. t. 21; Fr. & Sav. Enum.

p. 70. L. s2>ectabile, Link, Ennm. i, p. 321; Ledeb. Fl. Ross, iv, p. 151; Max.

Fl. Anuu-. p. 280; F. Schm. Fl. Sach. p. 186; A. Gray, Bot. Jap. p. 415.
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Ilah. Etorofu, on the sandy beach near Rausu.

Distrih. Northern and eastern Siberia to the Baikal and Altai regions; Manchui'ia,

Saghalin, northern Japan and Kanitschatka.

263. LUium avenaceum, Fisch. ex Max. in Gartenf. 1865, p. 290, t. 485; F. Schm. Fl.

Sach. p. 186; Baker, Jonrn. Linn. Soc. xiv, p. 245; Elwes, Monog. t. 35. L.

Martayon, Led. Fl. Ross, iv, p. 149 (in part) . L. medeoloides, Fr. & Sav. Enum.
II, p. 63 (in part).

ITaJ). Knrile Islands (hb. Fisch. ex F. Schmidt). Etorofu, at Tsnrnbetsn, and

Shibetoro.

Distrih. Middle and northern Japan, Kamtschatka, Saghalin, sontheastern Manchuria.

264. Fritillaria kamtschatcensis, Gawl. in Bot. Mag. t. 1216; Ledeb. Fl. Ross, iv, p.

147: Ti-autv. & Mey. Fl. Oeh. p. 93; Hook. Fl. Bor.-Am. ii, p. 181, t. 193, f.

A.; Max. Fl. Amur. p. 279; F. Schm. Fl. Sach. p. 186; Baker, Journ. Linn.

Soe. XIV, p. 273; Watson, Proc. Am. Acad, xiv, p. 259; Fr. & Sav. Enum. ii,

p. 62.

JIaJ). Kurile Islands (ft» Pallas). _E'^oro/'», near Tsurubetsu.

Distrih. Middle and northern Japan, Saghalin, Manchuria, eastern Siberia, Kam-
tschatka, the Aleutian Islands, and from Alaska to Vancouver Island.

265. Disporum smilacinum, A. Gray, PI. Jap. p. 321, and Bot. Jap. 414; Miq. Pi'ol. p.

311; Fr. & Sav. Enum. ii, p. 52; Baker, Journ. Linn. Soc. xiv, p. 590; Max.

Mel. Biol. XI, p. 858.

Hah. Etorofti, near Furubetsu.

Distrih. Japan, fi'om the northern part of Yezo to Kiusiu. As var. viridescens, Max.,

in Manchui'ia and northern China.

266. Clintonia udensis, Tivantv. & Mej. Fl. Och. \). 92. t. 30; Reg. & Til. Fl. Ajan. p.

123; Max. Fl. Amur. p. 278; F. Schm. Fl. Sach. p. 186; Fr. & Sav. Enum. ii,

p. 50; Baker, Journ. Linn. Soc. xiv, p. 584; Franchet, PI. Dav. p. 309; Max.
Fl. As. Or. Frag. p. 62.

JIah. Etorofu, on the Arimoi sideof Nobori.

Distrih. Eastei'u Sibei'ia in the Ochotsk district, Manchuria, Mongolia, northern

China, Saghalin, and northern and middle Japan.

267. Trillium kamtschaticum, Pall, in Herb. Lamljert, ex Pui'sh, Fl. Am. Sept. i, p. 246.

T. obovatum, Pursh, etc. (excl. pi. Amer.) ; Ledeb. Fl. Ross, iv, p. 121; Max.
Fl. Amur. ]>. 273, and Mel. Biol, xi, p. 861 ; F. Schm. Fl. Sach. p. 185. T. erec-

ttim, Yar. album, A. Gray, PI. Jap. p. 320. T. erectmn, n&y. japonicum, A. Gray,

Bot. Jap. p. 413; Fr. & Sav. Enum. ii, p. 56.

H(d). Kurile Islands! (ex Max.).

Distrih. Kamtschatka, Saghalin, eastern Manchuria and northei'n Japan.

Trillium ohovatum of Pursh, which was described from specimens collected in Can-

ada near Montreal, is a doubtful species and has never been verified from the same re-

gion. Dr. S. Watson thinks that the plant may be a form of T. erectnm. According to

the same authority T. obovatum of Hooker from British Columbia is T. ovatum, Pursh.

Our Asiatic plant, as fully characterized by Professor Maximowicz, differs distinctly
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from the American T. erectum, ovatum, and grandirflorum, in its broadei- })etals and

shoi-ter stigmas. The tip of tlie ovary is dark pin'ple in color, and the jjetal is always

white. TrilUum TscJioiioskii, Max., which grows also in Yezo, has the ovary greenish

throughout. Its petals are white with a slight reddish tinge, and the anther is about as

long as the filament. These two species have been much confused in Japan.

268. Veratrum album, L. Sp. p. 1014: ; Ledcb. Fl. Ross, iv, p. 208; Kunth, Enum. iv, p.

186; Tnrcz. Fl. Baic.-Dah. ir, p. 229; Kegel, Fl. Uss. p. 153; Baker, Journ.

Linn. Soc. xvii, p. 470.

Hah. Kii rile Islands (e.p Turcz.).

The species is distributed through Europe and northern Asia to Kamtschatka and ad-

jacent islands, and in Japan under different varieties and forms. According to Baker,

as V. EscJiscJioltzii and V. vir'ule in North America.

JUNCACE^.

269. Juncus balticus, Dethard; "Willd. in Mag. d. n. f Fr. in Berlin, 1809, p. 293; Kunth,

Enum. in, [). 317; i^edeb. Fl. Ross, iv, p. 222; Engelm. jST. Am. Juncus, p. 441;

Trautv. & Mey. Fl. Och. p. 97; F. Schm. Fl. Sach. p. 189; Fr. & Sav. Enum.
II, p. 533; Buchcnau in Engler's Bot. Jahrb. vii, p. 161. J. glaucus, var. ijo-

Tcoscensls, Fr. & Sav. Enum. u, p. 97.

Hah. Etorofu, at Tsurubetsu.

Distr'th. In the coast region of northern Europe to the arctic circle; in I^orth Amer-
ica along the Atlantic coast from ^Newfoundland to Massachusetts, thence in the interior

to Pennsylvania and across the lake regions to the Rocky Mountains and California

and northwestward to Alaska, and the Aleutian Islands; eastern Siberia, Saghalin and

northern and middle Jai)an.

270. Juncus effusus, L. Sp. p. 326; Thunb. Fl. Jap. p. 145; Engelm. 'S. Araer. June.

p. 443; Watson, Bot. Calif ii, p. 206; A. Gray, Bot. Jap. p. 417; F. Schra.Fl.

Sach. p. 189. J. communis, E. Mej^ Synop. June. p. 12; Kunth, Enum. p. 320;

Ledeb. Fl. Ross, iv, p. 221; Fr. & Sav^ Enum. ii, p. 97.

Hal). Etorofn, at Furubetsu.

Distrih. "Widely spread in Eui'ope, northern Africa, temperate Asia and America,

New Zealand and Australia.

271. Juncus articulatus, L. Sp. p. 327; Ledeb. Fl. Ross. IV, p. 225; Engelm. N. Am.
June. p. 458; Max. Fl. Amur. p. 293; Regel, Fl. Uss. p. 157; F. Schm. Fl.

Sach. ]). 189 (var.!). J. lampocarpus, Ehrh. Calam. no. 126; Buchenau in

Engl. Bot. Jahi-b. vii, p. 166.

Hah. Hforofii, at Arimoi.

M}^ specimens agree exactly with the Saghalin plant collected by Schmidt. The cymes

are terminal and subereet; flowers few in a cluster, also sulierect. They agree well

Avith Fi'ies's J. articidatas, var. snhatratiis, which is ])laced under J. lampocarpns,

Ehrh., by Buchenau. The species is vei-y widely distributed through Europe, northern

Africa, temperate Asia and eastern North America.
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272. Luzula pilosa, Willd. Eimm. r, p. 393; E. Mej. in Ledeb. Fl. Ross, iv, p. 214;
Hook. Fl. Bor.-Am. ii, p. 183; Tiircz. Fl. Baic.-Dah. ir, 1, p. 232; Miq. Prol.

p. 329; Fr. & Sav. Eiiura. ir, p. 95; Buchenau, 1. c, p. 170.

Hah. Etorofu, at Furuljetsu.

Distrih. Europe, northern Africa; temperate Asia and I^orth America.

273. Luzula campestris, DC. Fl. Fi". Ill, p. 161; E. Mey. in Ledeb. Fl. Ross, iv, p. 219;
Knnth, Ennm. in, p. 307; Max. Prim. Fl. Amur. p. 292; F. Schm. Fl. Sacli. p.

189; Fr. & Sav. Ennm. ii, p. 97.

Hah. Etovofu, at Furubetsn.

Distrih. Widely distributed over the temperate and colder regions of the globe.

Yar. congesta, E. Mey. Synop. Luzul. p. 18; Linnasa, in, p. 376. L. multlflora, var.

-congesta, Koch, Synop. ed. 1, p. 731. L. congesta, Lej. Spa
, p. 168. L. campestris,

DC, var. capitata, Miq.! Prol. Fl. Jap. p. 329; Fr. & Sav. Ennm. ii, p. 97. L. comosa,

var. congesta, Watson, Bot. Calif, n, p. 202.

Hah. Shikotan, on hillsides.

Oui- plant agrees in ever}^ respect with that from California; and it is also hardly dis-

tinguishable from the Eurojiean specimens. It is often found in Japan, growing to-

gethei- with other forms of L. campestris. The plant seems to have as wide a range of

distribution as the typical form. In Xorth America, however, it is Icnown only from the

coast region of California to x^laska.

ARACEJE.

274. Lysichiton kamtschatcensis, Schott, Gen. Aroid. t. 91, Prodr. p. 421; F. Schm. FL
Sach. p. 178; Engl, in DC. Monog. n, p. 210; Fr. & Sav. Ennm. ii, p. 9. Dra-
contium camtscJiatcense, L. Sp. ed. 2, p. 1372. Symplocarpus camtschaticus,

Salisb.; Bong. Veg. Sitch. p. 50; Hook. Fl. Bor.-Am. u, p. 169; Ledeb. Fl. Ross.

IV, p. 12; Max. Fl. Amur. p. 266. Arctiodracon jajjonicmn, A. Gray, Bot. Jap.

p. 409; LysicJiiton japonicum, Schott in Miq. Ann. Mus. Lugd. Bat. i, p. 96; Fr.

& Sav. Ennm. ii, p. 9.

Hah. JEJtorofu, at Furubetsn.

Distrih. Middle and northern Japan; Saghalin; northeastern Manchuria; eastern

Siberia to the Ochotsk Sea; Kamtschatka; Aleutian Islands; Alaska to California.

CYPERACE^.

275. Carex microglochin, Wahlbg. Act. Holm. 1803, n. 9; Ledeb. Fl. Ross, iv, p. 269;
Turcz. Fl. Baic.-Dah. ii, 1, p. 257; Boott in Hook. Fl. Bor.-Am. ir, p. 210, and
111. Car. IV, p. 174, t. 589; Bailey, Syn. N. Am. Car. p. 61.

Hah. Kurile Islands (ex Boott)

.

Distrih. Arctic and alpine Europe; Caucasus, Altai, Dahuria, Baikal, Thibet, west-

ern Himalaya; Colorado; Greenland.
MEMOIRS BOSTON SOC. NAT. HIST., VOL. IV. 37
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276. Carex rotundata, Wahlbg. Act. Holm. 1803, n. 78; Lecleb. Fl. Ross, iv, p. 301;

Kunth, Enum. n, p. 451 ; Trautv. & Muy. Fl. Oeh. j). 99; Boott in Hook. Fl. Bor.-

Am. H, p. 220; Bailey, Sjii. p. G".

ILib. Kurile Islands ! {ex Max.)

.

Distrih. Arctic and northern Europe; extreme eastern Siberia; arctic and northern

North America; Greenland.

277. Carex macilenta, Fries, Summa Yeg. p. 224; Andei'S. Cyp. Scand. p. 58, t. 4, f. 85;

F. Schm. Fl. Sach. p. 193; Boott, 111. iv, p. 147, t. 471.

Hah. Etorofu, at Shaua.

Distrih. Lapland, Norway, Finland, Saghalin and the Kuriles.

278. Carex Gmelini, Hook. & Arn. in Beechey Voyage, p. 118, t. 27; Boott in Hook. Fl.

Bor.-Ani. ii, p. 216; Ledeb. Fl. Ross, iv, p. 283; Trautv. & Mey. Fl. Oeh. p. 99;

Reg. & Til. Fl. Ajan. p. 125; Max. Fl. Amur. p. 309; F. Schm. Fl. Sach. p. 193;

Boott, 111. IV, p. i37, t. 440; Bailey, Syn. p. 77.

Hal). Etorofu, at Tsurubetsu.

Distrih. Northern Japan (Yezo) ; Saghalin ; eastern Manchuria ; eastern Siberia around

the Ochotsk Sea; Kamtschatka; the Aleutian Islands; arctic Alaska to Oregon.

279. Carex vaginata, Tansch, in Regensburg Flora, 1821, p. 557 ; Kunth, Enum. ii, p. 451

;

Ledeb. Fl. Ross, iv, p. 291; Trautv. & Mey. Fl. Oeh. p. 99; Reg. & Til. Fl. Ajan.

p. 125; Bailey, Syn. p. 1J7; Boott, 111. iv, p. 148, t. 478. C. falcata, Turcz. Fl.

Baic.-Dah, ii, 1, p. 276; Max. Fl. Amur. p. 311; F. Schm. Fl. Sach. p. 194.

Hah. Etorofu, at Tsurubetsu.

Distrih. Arctic and northern Europe; Siberia, from the Baical district to the Ochotsk

region; Manchuria, Saghalin and the Kuriles; arctic America to the Rocky Mountains

and New York.

280. Carex macrocephala, Willd. Spreng. Syst. in, p. 808 ; Boott in Hook. Fl. Bor.-

Am. u, p. 215, t. 216; A. Gray, PI. Jap. p. 328; Regel, Fl. Uss. p. 1G4, t. 12,

f. 8-12; F. Schm. Fl. Sach. p. 193; Fr. & Sav. Enum. ii, p. 132; Boott, 111. i,

p. 27, t. 69; Bailey, Syn. p. 134.

Hah. Shikotan.

Distrih. Middle and northern Japan; Saghalin; Mancliuria; Kamtschatka; north

western coasts of America; Oregon and Washington Teri-itory. It is also found in Corea.

281. Carex transversa, Boott in A. Gray, PI. Jap. p. 324, and 111. iv, p. 202; Miq.

Prol. Fl. Jap. p. 357; Fr. & Sav. Enum. ii, p. 149.

Hah. KnrHe Islands! (e.cMax.).

Distrih. Middle and northei'u Japan.

282. Carex rhynchophysa, C. A. Mey. lud. Hort. Petrop. ix, p. 10; Ledeb. Fl. Ross.

IV, p. 318; Turcz. Fl. Baic.-Dah. ii, 1, p. 285; Trautv. & Mey. Fl. Oeh. p. 102;
Max. Prim. Fl. Amur. p. 316; F. Schm. Fl. Sach. p. 197; Fr. & Sav. Enum.
n, p. 155.

Hah. Ku rile Islands! {ex Max).
Distrih. Northern and central Europe; throughout Siberia; Dahuria; Manchuria;

Saghalin ; middle and northern Japan.
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GRAMINEiE.

283. Phalaris arundinacea, L. ; Tiin. Phalai'. p. 11; Hook. Fl. Bor.-Am. ir, p. 231; Fr.

& Sav. Eiium. ii, p. 157. DigrapMs arundinacea, Trin. Fund. Agros. p. 127;

Ledeb. Fl. Eoss. iv, p. 451; Max. Fl. Amui-. p. 326; F. Schm. Fi. Sach. p. 201.

Ilah. Etorofii, at Tsurubetsii and Rubetsu.

Distrih. Widely distributed in the north temperate zone, extending- to the Arctic re-

gion.

284. Hierochloe borealis, Koem. & Schnlt. Syst. u, p. 513; Ledeb. Fl. Ross, iv, p. 407;

Keg. & Til. FI. Ajan. p. 126; Max. Fl. Amur. p. 322; F. Schm. Fl. Sach. p. 201;

Fr. & Sav. Enmn. n, p. 157.

Hah. Etorofn, at Rubetsu.

Distrih. Arctic, alpine and northern Europe, ]S^orth America and Asia.

285. Alopecurus geniculatus, L., sub-sp. fulvus, Hook. f. Fl. of Brit. Isl. 3rd ed. p. 474.

A. fulvus, Smith; Ledeb. Fl. Ross, iv, p. 464; F. Schm. Fl. Sach. p. 203;

Franchet, PI. Dav. p. 329. A. gmicnkdus, Thunb. Fl. Jap. p. 49; A. Gray, PI.

Jap. p. 328; Fr. & Sav. Enum. ii, 158.

Hah. Etorofa, at Furubetsu.

The Japanese specimens in the Gray Herbarium, collected in different parts of the

country (i^agasaki, Yokohama, Hakodate, Sapporo), are all referable to A. fulvus, Sm.
They are all glaucous, and have inflated sheaths and yellow or oi'ange-yellow anthers.

The plant has been found in Saghalin, northern China, Hongkong, Himalaya, and Altai

to Europe. Some of the specimens from northwest America can scarcely be distinguished

from ou)" plant.

286. Agrostis canina, L.; Tiin. Agro.stidea, p. 87; Ledeb. Fl. Ross, iv, p. 440; Reg. &
Til. Fl. Ajan. p. 127; Max. Fl. Amur. p. 325; F. Schm. Fl. Sach. p. 201.

Hah. Shikotan. Etorofu, at Shara.

Distrih. Northern Japan, Saghalin, throughout northern Asia to Europe and Hima-
laya, northern and mountain districts of North America, South America, and Australasia.

287. Agrostis perennans, Tuckerm. in Sillim. Journ. 1843, ]i. 44; A. Gray, Manual, 5th

ed. p. 611; Miq. Prol. Fl. Jap. p. 165; Fr. & Sav. Enum. ii, p. 166. A. Mi.cJi-

au.rii, var. clarata,Tnn. Uni- et Sesqui-f. p. 206; Bong. Vcg. Sitcha, p. 170. A.
laxijlora, F. Schm. Fl. Sach. p. 203. A. scahra, A. Gray, PI. Jap. p. 328.

Hah. Etorofu, at Tsurubetsu and Noboi-i.

Our plant has flat leaves and gi-eenish flowers, which are sometimes slightly tinged

with a purplish color. The panicle is bi-anched fi'om about the middle, and is more or less

scabrous, as also the keel of the glumes. The plant is just about intermediate in its gen-

eral characters between A. perennans and scahra. A specimen from Saghalin, collected

by F. Schmidt, coincides ver}^ closely with ours; so is also one named A. Michauxii,

var. clavata, from Kamtschatka. The present form seems to occur also in northwestern

America to Coloi-ado (J. "Wolf) and to the lake region.

288. Deschampsia flexuosa, Trin. in Mem. Ac. St.-Pet. 1836, p. 9; Ledeb. Fl. Ross, iv,

p. 420; F. Schm. Fl. Sach. p. 202; Fr. & Sav. Enum. ii, p. 172. Aira flexuosa,

L.; Hook. Fl. Bor.-Am. p. 243; Trautv. & Mey. Fl. Och. p. 105.
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Hob. Etorofa, at Shibetoro.

Distrih. Europe; western and northern Asia, northern and middle Japan, Saghalin,

and the Oc-hotsk region; in North America, mostly on the Atlantic side, from Greenland

to the northei-n Eastern States, and in Colorado; Falkland Islands.

289. Phragmites communis, Trin. Fund. Agr. p. 134; Turcz. Fl. Baic.-Dah. II, 1, p. 315;

Fi-. & Sav. Enum. ii, p. 170. Anindo Phracjinites, L.; Ledeb. Fl. Ross, w, p. 393;

Max. Prim. Fl. Amur. p. 321; F. Schm. Fl. Sach. p. 201.

Ilab. Sliikotan. Etorofu, at Tsurubetsu.

Distrih. Most widely distributed over the greater part of the globe.

290. MeUca nutans, L. ; Ledeb. Fl. Eoss. iv, p. 399; Turcz. Fl. Baic.-Dah. n, p. 336;

Max. Fl. Amur. p. 322; Reg. Fl. Uss. p. 1G9; F. Schm. Fl. Sach. p. 201; Fr.

& Sav. Enum. ii, p. 178.

Hah. SMhotan.

Distrih. Europe; northern Asia to Kamtschatka, Manchuria, Saghalin and Japan.

291. Poa annua, L.; Ledeb. Fl. Ross, iv, 377; Hook. Fl. Bor.-Am. n, p. 245; F. Schm.

Fl. Sach. p. 200; Fr. & Sav. Enum. ii, p. 174.

Ilah. Etorofu, at Shana.

Distrih. Europe, northern Africa, temperate Asia. Naturalized in northern America,

Anstralia, etc. A taller form of this species is apparently indigenous in Arizona, New
Mexico, western Texas, etc. (Thurber).

292. Poa pratensis, L.; Ledeb. Fl. Ross, xx, p. 378; Reg. & Til. Fl. Ajan, p. 126; Max.

Fl. Amur. p. 319; F. Schm. Fl. Sach. p. 200; Fr. & Sav. Enum. ii, p. 174.

Ilah. Etorofu., at Shibetoro.

Distrih. Widely spread in arctic and north temperate regions.

293. Poalaxa, Ilaenke; Thurber, Bot. Calif n, p. 312; Ledeb. Fl. Ross, iv, p. 372;

Hook. Fl. Bor.-Am. ii, 246; Reg. & Til. Fl. Ajan. p. 126.

IJal). Etorofu, at Tsurubetsu.

Distrih. Arctic, alpine and northern Europe and North Amei'ica; northern Asia in

the Altai and Ochotsk regions of Siberia and in the Kuriles.

294. Poa glumaris, Trin. in Mem. Acad. Petersb. vi, 1, p. 379; Hook. Fl. Bor.-Am. ii,

p. 247; Max. Fl. Amm\ p. 320; F. Schm. Fl. Sach. ]). 200. Gh/ceria glumaris,

Griseb. in Ledeb. Fl. Ross, iv, p. 392; Reg. & Til. Fl. Ajan. p.'l26.

Ilah. Etorofu, at Tsurubetsu.

Distrih. Northeastern coast of Yezo; Saghalin; northeastern Manchuria; eastern Si-

beria about the Ochotsk Sea; Ivamtschatka ; the Aleutian Islands, Alaska, and along the

coasts of the Gulf of St. Lawrence.

295. Glyceria festucaeformis, Heynh.; Reichenb. Icon. Fl. Germ, i, p. 48, t. 152, f. 1613.

G. i/iari/itiia, Fries, var. festuccKformis, Max. Prim. Fl. Amur. p. 320; F. Schm.

Fl. Sach. p. 200. Atropis maritima, Griseb. in Ledeb. Fl. Ross, iv, p. 391 (in

part). Poa festucceformis, Host, (J ram. Austr. p. 3, t. 17; Hook. Fl. Bor.-Am.

II. p. 245.

Ilah. Etorofu, in the vicinity of Shana.
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Distrih. In the littoral rej^ion of central Europe; in Manchuria, Saglialin, northern

Yezo and northwestern America.

296. Festuca ovina, L.; Griseb. in Ledeb. Fl. Ross, iv, 350; Turcz. Fl. Baie.-Dah. rr, 1, p.

339; Keg. & Til. Fl. Ajan. p. ll^o ; Max. Fl. Amur. p. 318; F. Schm. Fl. Sach. p.

200; Fr. & Sav. Enum. ii, p. 181.

JlaJj. Shikotan.

Distrih. Europe, northern Africa, northern Asia, Himalaya, Japan ; North and South

America; New Zealand and Australia.

The plant coincides very well with the descriptions of var. violacea, ( Jaud., as given by
Grisebach and Maximowicz.

297. Festuca rubra, L.; Bong. Veg. Sitcha, p. 173; Hoolf. Fl. Bor.-Am. ir, p. 2i50;

Ledeb. Fl. Eoss. iv, p. 352; F. Schm. Fl. Sach. p. 200; Miq. Prol. p. 170; Fr.

& Sav. Enum. ii, p. 181.

Ilab. JStorofu, at Tsurubetsu.

Distrih. Arctic and northern temperate regions of Europe, Asia and North America.

298. Elymus mollis, Trin. in Spreng. Entd. ir, p. 72; Bong. Veg. Sitcha, p. 171; Griseb.

in Ledeb. Fl. Ross, iv, p. 332; Trautv. & Mey. Fl. Ochot. p. 102; Reg. & Til.

Fl. Ajan. p. 125; Max. Prim. Fl. Amur. p. 317; F. Schm. Fl. Sach. p. 198. U.
arenarius and mollis, Hook. Fl. Bor.-Am. ir, p. 255. E. arenarius, Miq. Prol.

p. 174.

Jlah. Shikotan. Etorofii, in the vicinity of Shana.

The northeastern Asiatic and American plants have the glumes broad-laueeolate in

shape, and short-acuminate, soft, silky-hairy on the back, with 3-5 (-7) prominent veins.

The typical European E. arenarius, on the other hand, has a lanceolate long-acuminate

setaceous glume, which is glabrous, except toward its tip; and tlie lateral veins are not

so prominent as in the case of E. mollis. The character of the leaves is variable ac-

cording to the nature of the locality and is not to be depended upon as a distinguishing

character.

Distrih. Northern Japan; Saghalin; Manchuria; arctic and eastern Siljeria; Kam-
tschatka; Alaska to Oregon, eastward across British America and the lake region to the

Atlantic coast from northern New England to Greenland.

299. Bambusa kurilensis.

—

Arundinaria hurilensis, Rupr. in Bull. Petersb. viir, p. 121;
Steudel, Syn. Glum. p. 335; Ledeb. Fl. Ross, iv, p. 395; Munro, Monogr. Bamb.
p. 17; F. Schm. Fl. Sach. p. 198 (var. genuina).

Hah. Urup! Etorofu, very common. According to Pallas this plant occurs on
every island south of Ketoi.

"While I was in Etorofu I searched carefully for the flowers and fruits of the bamboo so

common in that island, but without any success. The original Kiu-ile specimen, from
Avhich Ruprecht desci-ibed very minutely its characters, was in fruit. The number of its

stamens was not known to him. Under such circumstances, it was most natin-al for

any one to place the plant under Arundinaria, as there is a remarkable resemblance

between it and the plants of that genus.

Among my Yezo collection, I have two distinct Bamhusa, one of which is B. senanen-
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sis, Fr. & Sav., and the other, uiidoiibteclly Ruprecht's sjiecies. In my specimens, which
I consider to be identical with A. kurilensis, Rupr., the spilcelets are generally in a sim-

ple raceme, oblong or obovate-oblong in outline, much flattened, 4-G flowered, and 15-

20 mm. in length; and they are appressed hairy and dull-ashy in color. The glumes are

minute; the lower one is about 2 mm. long, and the upper about twice as long. The
inferior palets are oval-oblong, acuminate, 8-12 mm. long; the sujierior is shorter and
two-keeled. The stamens are sis and included. The sheath of the leaves is not bearded

at the throat. The branches and leaves are crowded and stunted in a fertile plant.

In the vicinity of Shana in Etorofu, the bamboo grows so thick and tall as to form al-

most impassable thickets. The different varieties (?) of^. Z:«rt7e«.si.s, Rupr., established

by F. Schmidt, would most likely occur also in the Kurile Islands and in northern Japan
and they require a most careful future study. Professor Maximowicz kindly informs me
that the var. spicidosa of Schmidt has six stamens and is therefore a Bamhnsa. One of

the oi'iginal specimens of var. panlcidata, F. Schm., in the Gray Herbarium, does not

differ from Bambusa s'enanensis, Fr. & Sav.

CRYPTOGAM^F.

LYCOPODIACEiE

300. Lycopodium clavatum, L.; Thunb. Fl. Jap. p. 3J:1; Max. Prim. Fl. Amur. jd. 335;

F. Schm. Fl. Sach.p. 201; Fr. & Sav. Enum. ii, p. 197.

Hal). Etorofu, at Shibetoro.

Distvih. Arctic and in the cooler regions of the north and south temperate zones.

301. Lycopodium annotinum, L.; Ledeb. Fl. Ross. rv% p. 197; Trautv. & Mey. Fl. Och.

p. 106; Max. Prim. Fl. Amur. p. 335; F. Schm. Fl. Sach. p. 201; Matsumura,
Cat. PL Herb. Univ. Tokio, p. 240.

Hah. Etorofu, at Shibetoro, growing with L. clavatum.

Distrih. jS"orthern and middle Japan, Snghalin, Manchuria, Siberia, Himalaya, Eu-
rope from the arctic to the southern alpine districts; and in North America, from New
Jersey to Colorado and Washington, and northward to Greenland and arctic Alaska.

302. Lycopodium japonicum, Thunb. Fl. Jap. p. 341; Max. Mel. Biol, viii, p. 341; Fr.

& Sav. Enum. ii, p. 197. L. dendroideum, Michx. Fl. Bor.-Am. n, p. 282;
Milde, Fil. Europ. p. 253; Miq. Prol. Fl. Jap. p. 348; Ledeb. Fl. Ross, iv, p.

498; Trautv. & Mey. Fl. Och. p. 107; Reg. Fl. Uss. p. 174; F. Schm. Fl. Sach.

p. 204.

Hah. Etorofu, at Fui-ubetsu and Shibetoro. Kunajiri (middle Nakamura).
Distrih. Middle and northern Japan, Saghalin, Manchuria, eastern Siberia about the

Ochotsk sea, Kamtschatka, the Aleutian Islands, and from Alaska across British Amer-
ica and the lake region to the mountains of North Carolina.

303. Lycopodium complanatum, L.; Ledeb. Fl. Ross. TV, p. 499; Trautv. & Mey. Fl. Och.

p. 107; Max. Prim. Fl. Amur. p. 335; F. Schm. Fl. Sach. p. 204; Fr. & Sav.

Enum. II, p. 198.



FLORA OF THE KURILE ISLANDS. 273

Hah. Etorofu, at [Nobori and Shibetoro.

Distrtl). Widely distributed over the temperate and colder regions of the northern

hemisphere and the alpine districts in the tropics.

304. SelagineUa helvetica, Link! Fil. Hort. Berol. (1841), p. 159; Baker, Journ. of Bot.

1883, p. 4G; Ledeb. Fl. Eoss. iv, p. 501; Max. Fi. Amur. p. 336; Franchet, PI.

Dav. p. 344; Fr. & Sav. Enum. ii, p. 199.

Hah. SMl-otan, on moist rocks.

H/'dn'h. Alpine regions of central Enrope, Caucasus and Persia, northern China,

Manchuria and northern and middle Japan.

EQUISETACE^.

305. Equisetum arvense, L.; Ledeb. Fl. Ross, iv, p. 48G; Max. Fl. Amur. p. 333; F.

Schm. Fl. Sach. p. 204; Fr. & Sav. Enum. ii, p. 202.

Hab. Kurile Islands ! (Max.). yS'7iMms7«( (Akakabe).

Distrih. Arctic and north temperate regions and also in the Himalaya.

306. Equisetum limosum, L.;Milde, Fil. Eur. p. 227; Ledeb. Fl. Ross, iv, p. 489; Turcz.

Fl. Baic.-Dah. ii, p. 35G; Reg. & Til. Fl. Ajan. p. 127; Max. Fl. Amur. p. 334.

Hah. Kurile Islands ! (Max.).

Distrih. Arctic and northern temperate regions of Eiu'ope, Asia (northern and mid-

dle Japanj and North America.

307. Equisetum hyemale, L.; Led. Fl. Ross. IV, p. 490; Max. Fl. Amur. p. 334; F. Schm.
Fl. Sach. p. 204; Fr. & Sav. Enum. ii, p. 203.

Hah. Etorofu, at Furubetsu.

Distrih. Europe, northern Africa, northern and eastern Asia, and North America.

308. Equisetum variegatum, Schleich. Cat. PI. Ilelv. (1807) p. 27; Ledeb. Fl. Ross, rv,

p. 490; Ruprecht, Distrib. Crypt. Yasc. p. 2G; Trautv. & Mey. Fl. Ochot. p.

106; Trautv. Fl. Terr. Tschuk. p. 40; F. Schm. Fl. Amg.-Bur. p. 73.

Hah. Uriqy! (Ruprecht).

Distrib. Europe, northern Africa, northern Asia and northern North America.

OPHIOGLOSSACE^.

309. Botrychium Lunaria, Svrartz, Syn. Fil. p. 171; Rapr. Distrib. Crypt. Yasc. p. 33;
Ledeb. Fl. Ross, iv, p. 504; Reg. & Til. Fl. Ajan. p. 128; Max. Fl. Amur. p.

336; F. Schm. Fl. Sach. p. 205.

Hah. First Island, Shumshu (Ruprecht). Sliilcotan.

Distrih. Europe, western and noi-thern Asia, northern and middle Japan, Alaska
and British America to Colorado and the northeastern States; also in Australia and
Tasmania.
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310. Botrychium ternatum, Swartz in Schrader's Journ. ii, p. Ill; Kunze, Pter. Jap. p.

491; Miq. Prol. Fl. Jap. p. 346; Fr. & Sav. Emim. ii,p. 252; Milcle, FI. Eur. p.

199. Osmunda teniata, Thunb. Fl. Jap. p. 329, t. 32.

Uah. Etorofu, at Fui-ubctsu.

Distrib. According- to Milde, the plant is very widely distributed in various forms

over northern and middle Europe; in North America from Newfoundland to Florida

west to British Columbia and Mexico, the Aleutian Islands, Kamtschatka, Japan, the

Sandwich Islands, Australia and New Zealand.

FILICES.

311. Polypodium vulgare, L.; Lcdeb. Fl. Ross, iv, p. 508; Hook. & Baker, Syn. Fil. p.

334; A. Gray, Bot. Jap. p. 421; Max. Fl. Amur. p. 337; F. Schm. Fl. Sach. p.

205; Fr. & Sav. Enum. ii, p. 244.

Hob. Kurile Islands ! (Max.).

Distrib. Europe, northern and southern Africa, western and northern Asia, Manchu-

ria, Sao'halin, Japan and Kamtschatka; North America, from Sitka to New Mexico,

eastward to New England and Canada.

312. Woodsia polystichoides, Eaton, Proc. Am. Acad. IV, p. 110; Miq. Prol. Fl. Jap.

p. 343; Hook. & Baker, Syn. Fil. p. 48; F. Schm. Fl. Sach. p. 206; Fr. & Sav.

Enum. n, p. 205; Franch. PI. Dav. p. 347.

Hub. SMlcotan.

Distrib. Japan, Saghalin, Manchuria, northern China and Mongolia.

313. Aspidium fragrans, Swartz, Syn. Fil. p. 51; Hook. FI. Bor.-Am., n, p. 261; Trautv.

& Mey. Fl. Och. p. 108. Polystichum fragrcms, Ledeb. Fl. Ross., it, p. 514;

Max. Prim. Fl. Amur. p. 339; F. Schm. Fl. Sach. p. 206.

Ilab. Shihotan.

Distrib. Tlu'oughout Siberia; Dahuria, Manchuria, Saghalin, Yezo, Kamtschatka to

Alaska; arctic America to Iceland, and south to New England and Wisconsin.

314. Cystopteris fragilis, Bernh. ; Rupr. Distrib. Crypt. Yasc. p. 39; Ledeb. Fl, Ross-

rv, p. 516; Trautv. & Mey. Fl. Och. p. 108; Hook. Fl. Bor.-Am. ii, p. 260;

Max. Fl. Amur. p. 339; Reg. Fl. Uss. p. 177; F. Schm. Fl. Sach. p. 206; Fi-anch.

PI. Dav. p. 347.

Ilab. Kurile Islands (Rupr.)

.

Distf'ib. Arctic and northern and southern temperate regions; also in the mountains

of the tropics. In Japan, so far as I am aware, Abashiri and Notoro Sands in north-

ern Yezo seem to be the only localities for the plant, where I collected it in 1884.

315. Asplenium Filix-foemina, Bernh.; Ledeb. Fl. Ross, iv, p. 518; Hook. & Baker, Syn.

Fil. p. 227; Max. Fl. Amur. p. 341; F. Schm. Fl. Sach. p. 206; Fr. & Sav.

Enum. u, p. 226.

Hab. Shikotan.
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Dlstrlh. Widely distributed tlirough Europe, Africa, Asia, and iS^orth and South

America.

316. Asplenium spinulosum, Baker; Hook. & Baker, Syn. Fil. p. 22.5; Miq. Prol. Fl. '

Jap. p. 338; Fr. & Sav. Bnum. ii, p. 222. Gystopteris splmdo.'^a. Max. Fl.

Amur. p. 340. Athyrium //ooZ^;emm»m, Moore, Ind. Fil. p. 18o;Milde, Fil. Eur.

p. 57 (in ])ait) ; F. Schm. Fl. Sach. ]). 206. Asplenium siihtriangidare. Hook;
Hook & Baker, 1. c.

Hah. Etorofti, at Furubetsu and Shibetoro.

Dlstrlh. Japan, Saghalin, Manchuria, Corea, China and the Himalaya.

317. Pteris aquilina, L.; Thunb. Fl. Jap. p. 332; F. Schm. Fl. Sach. p. 206; Fr. & Sav.

Enum. II, p. 215.

Hab. Etoi-ofa, at Furubetsu.

Dlsirib. Widely spread over a gi-eat part of the world.
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I. Introduction^.

iyXy pala^ontological studies have been can-ied on at the Museum of Comparative Zo-

ology as a pupil and assistant, fii'st of Professor Xathaniel S. Shaler and later of Pro-

fessor Alpheus Hyatt. To these gentlemen first are due my acknowledgments in this

paper, which was offered as a th'esis for the degree of Doctor of Science at Harvard Uni-

versity May 1, 1889.^ Aclvnowledgments are next due to Mr. Alexander Agassiz for

the opportunity to study the collections in the Museum.

The investigations on which this paper is based were made while associated with Pro-

fessor Hyatt in the Palseontological Department of the Museum.^ I have applied some

of the principles which he has deduced as a result of his scientific work, but I wish to

state that he has never urged his views u]ion me, or pointed out their application in the

Pelecypods. At Professor Hyatt's special request, I have used entire freedom in reject-

ing or criticising his views whenever they seemed not in accordance with the facts pre-

sented.

' On account of new material oljtainuti, some adcli- liave been made to sections viil and xiv, and are uidl-

tions have been made to this paper since it was read be- Gated Ijy the date of tlie collecting of the material,

fore the Socitty on April 3, and since it was offered as 'Three years have been spent in that department as-

a thesis on May 1, 1889. The additions for the most part sisting Professor Hyatt aiianging the great collections of
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For the freest opportunity to study collections under their charge and for frequent as-

sistance while studying those collections ray obligations are due to Dr. C. A. White and

Dr. William II. Dall of Washington; Professor Angelo Ileilprin of Philadelphia; Pro-

fessor R. P. Whitfield of IN^ew York; Dr. J.Walter Fevvkes and Mr. Samuel Henshaw.

For material borrowed for study, I am indebted to Dr. White, Dr. Dall, the Museum of

Comparative Zoology, the State Museum of New York and the Boston Society of Nat-

ural History. I have to thank Colonel Macdonald, United States Commissioner of

Fisheries, for the electrotypes of figures of Ostrea edidis and Professor A. E. Verrill

for electrotypes of Vermetus, Pecten and Anomia.

In order to unravel with any reasonable hope of success the relationships of the mul-

titude of fossil forms of animal life in which only the hard parts are commonly preserved,

and to demonstrate the connection between the living and fossil representatives of allied

groups, it is most important to study with minute care the hard parts in living genera.

It is necessary to know as far as possible the structure, development and functional ex-

pression of the hard parts, both by themselves and in their relation to the soft parts. To
attain this end, studies of any given animal should be made on all stages of growth from

the embryonic upward, and in so far as the young is considered as a living expression

ofthe adults of ancestral groups, this period of the life-history must be studied with special

care.

On the value of anatomy and embryology to the paleontologist studying the affinities

of groups I would quote the following passage from Professor Hixxley's Anatomy of In-

vertebrated Animals, p. 587. " Already indications are not wanting that the vast multi-

tude of fossil Arthropods, Mollusks, Echinoderms and Zoophytes, now known, will yield

satisfactory evidence of the filiation of successive forms, when the investigations of palae-

ontologists ai-e not merely actuated by the desire to discover time-marks and to multiply

species, but are guided by that perception of the importance of morphological facts which

can only be conferred by a large and thorough acquaintance with anatomy and erabr}^-

ology. But, under this aspect, the palaeontology of the Invertebrata has yet to be cre-

ated."

The results of my investigations give abundant proofs that a study of the soft parts

and especially studies of life habits and environing influences will throw light on the

meaning of the form of hard parts. They all lead toward the conclusion that external

hard parts are built conforming to the needs of the animal and are modified by circum-

stances of environment. Many facts discussed in this paper are directly opposed to the

assumption that hard parts are of prescribed form, to which the animal adapts itself, as I

have found most active response in the form of hard pai'ts to changed or changing con-

ditions of the anatomy or habits of the animal. The changes in form thus introduced

might well be called cases of "mechanical genesis," adopting Professor Ryder's apt phrase

used of the development of toothed forms in Vertebrates.^ When the meaning of feat-

ures of shell form in living animals is ascertained, it is recognized that they make im-

portant factors in the consideration of fossils and the serial connection of groups.

To unite living and fossil foi'ms of a group of Pelecypoda in a common study is the

' Facts bearing on tliis point ai'C especially considered andiu the discussion of Perna (section viii), Pecten (see-

in the origin of tlic ostrean form of sliell (section vil), tioiis ix aiul x), and Anomia (section xii).
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aim of this paper. It is hoped by this means to make connections and differences exist-

ing between some genera better understood, and thus to further the knowledge of the

I'clationships of those genera. So much time has been given to the study of living forms

that fossils do not figure as largely as they should in a paper of this nature. It is

hoped, however, that in future this want may be supplied by investigations in that direc-

tion.

The main Hue of my research is the study of sliell structure and form. Studies of

anatomy and habits are subservient and correlative to those of the shell. Facts observed

that have no bearing on shell structure are however frequently given as they may yet be

of interest or of serial value. In studying the shell I have sought especially for young
shells hoping in them to find characters of interest which would be valuable iu attempt-

ing to trace the genetic connection of groups. It is to this study of tlie youug, that

Professor Hyatt has especially devoted himself in his researches among the Cephalo-

jjods, and I owe a debt of gratitude to him for the suggestion to tiy tlie same method of

research in Pelecypods, as well as for the encoui-agement and sympathy he has given

me iu my work.

The young shell of Pelecypods has been very little studied either by itself or in its re-

lation to later stages, and I know of no studies emlji-aciug observations on the develop-

ment of the shell in related genera, or any attempt to trace the connections between the

changes of shell form and anatomy during the development of the individual. In Zit-

tel's Palaeontology (Barrois' translation) Ave find in the consideration of the Pelecypoda

the following statement: "Quant aux modifications des coquilles a leurs differentes ages,

elles n'ont ete que bien pen etudiees jusqu' ici, et ces observations n'ont pas encore mises

a profit dans la systematique." The researches of this paper may therefore be consid-

ered as opening up a new field of investigations, as I consider not only the changes iu

form and structure observed at different periods of development in several genera, ])ut

also trace in many cases the serial connection between those changes in form and tlie

phylogenetic history of the group.

Pelecypods are commonly divided into three groups accordingly as the adults possess a

single adductor muscle, Monomyarians; two equally developed adductor muscles, Dimya-
rians; or two adductor muscles, one large and functionally the most active, the other

smaller, Heteromyarians. This classification, I believe, is misleading, as by it are grouped

together genera having no close relaLion and similarly genei-a closely akin are sepa-

rated. I show that the size and number of the adductors are closely connected with the

relative position of the axes of the body to the hinge axis (section v), and refer to the

fiict that the single adductor condition is adopted by several genera not related and

which it would be entirely disregarding the sense of systematic classification to group to-

gether. On this basis of adductor muscle classification even different species of one ge-

nus would in one case have to be placed in the Heteromyarians and in another in the Mon-
omyarians (see Mytilus, section v, note). The words monomyarian, etc., are occasionally

used in the text, l)ut as general descriptive terms, not witli the classificatory value ordi-

narily applied to them.

In the text frequent reference is made to the law of concentration and acceleration of
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develop iTi3iit. This law was enunciated separately and almost simultaneously by Pro-
fessors Hyatt (29)' and Cope. Tiie law is, that characteristics acquired in the adult, if

inherited at all, are inherited at earlier ani earlier p3riods in successive generations, until

they exist only in embryonic stages, or are completely lost through disuse and concentra-

tion and acceleration of development. This law finds strong support in the facts pre-

sented in the development of the oyster and other Pelecypods as well, where many pe-

culiarities occur which are well explained by it. A corollary of the law of concentration

and acceleration of development is that, in the young stages arefound the equivalents of
which are to be sought in the adults of related groups.

I have met with difficulty in pi-ocuring young specimens of Pelecypods to study, for the

most part depending on Avliat I collected in the field or found adhering to masses of shells

in the museums. Conchologists commonly pay little attention to the young in their col-

lections as they are not considered characteristic. They certainly are not charactei-istic,

in that they have not a fuUexpression of feattires found in tlie adult, but they are char-

acteristic of their period in the development of the individual and from this point of

view they are well worth collecting and studying carefully.

In section in Professor Hyatt's classification of stages of growth and decline is con-

sidered in its application to moUusca. I have there qualified some of his definitions

and introduced a new term, phylembryo, which is applied to the stage in development

where features exist which first render the embryo referable to the class or phylum to

which it properly belongs. In considering stages of growth it is a valuable assistance

to have an established nomenclature by which any given period may be briefly and defi-

nitely expressed, and that given in this paper seems to fill the requirements of such a

nomenclature.

The i)hylembryonic stage of developing Pelecypoda presents some striking features

which have not been previously considered as far as known. The shell of this period is

characterized by having a sti-aight hinge line as shown in many genera(fig. 25, p. 300, PI.

xxin, figs. 7-11 and PI. xxiv, figs. 13-15), although later succeeded by a curved one.

An important point is the fact that at this age but one adductor muscle exists, and that

one is destined to become the anterior adductor of adults which retain it(dimyariaus).

The posterior adductor is developed later. The mouth and anus in early embryonic

stages of Pelecypods are closely related on the ventral border of the embryo (fig. 23,

p. 299) and the anterior adductor muscle develops eai-ly on the dorsal side of the ali-

mentary canal (fig. 25, p. 300; PI. xxiii, figs. 9-11) which position it retains through-

out life, in dimyarians. The posterior adductor is not developed until the anus has re-

volved dorsally from its early ventral position, and then the adductor is formed on the

ventral side of the alimentary canal, which position it retains throughout life in all

Pelecypods. We see, therefore, in this an explanation of the relation of the adductor

muscles to the alimentai-y canal, one adductor overlying, the other underlying it, PI.

XXV, figs. 9-12 (for full discussion see section v).

'A list of publications quoted or otherwise I'efei'i'L'd lo is as in tliis case correspoiid-i Willi a imniber on the reTur-

given in section xvii. Wlicre tlie reference in the text is ence list,

uot perfecUy evident, a uninlier in Ijrackets is used wliich
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One of the most important diseovei-ies described in this paper is the existence in

young Pelocypods of an ('mhryomc shell, or prodissoconch comparaMe to the emhrijonic

shell or protoconeh of cephalous molluscs. The sliell of Pelecypods develops from a

131-econchyUau gland, as does the shell of cephalous molluscs; therefore, the two valves

of a Pelecypod are together homologous with the single valve of univalves as was shown
by Brooks (7). The adidt shell of cephalous molluscs has been named the conch, or

true shell, and the first formed embryonic shell on account of its differences the pro-

toconch; as the adult double shell of Pelecypods is the homologue of the adult single

shell of univalves I have named it tlie dissoconch (double shell) ; similarly the early em-
bryonic double shell on account of its differences I named the prodissoco7ich (early

double shell). A prodissoconch is described in this paper in twenty-four genera of Pe-
lecypods,^ figures of most of which are given in the plates. It has been found in many
species of some genera. These genera are widely separated so that it may be considered

as proven that a prodissoconch is a chai-acteristic feature of developing Pelecypod shells

(discussion and descriptions, sections vi to xv inclusive).

In the discussion of the prodissoconch it will be seen that stress is laid on the direc-

tion of the umbos, as to whether they are inclined anteriorly or posteriorly relatively to

the anatomy of the animal at the close of the prodissoconch period. I find that they are

inclined posteriorly in Avicula, Perna, Ostrea, Pecten, Sp^ndylus, Plicatula and Anomia.
On the contrary they are inclined anteriorly in the other genera described except the

Unionidte. The value of this feature may be overrated, but I think it is of importance

in considering the connection of genera and the derivation of the prodissoconch (sec-

tion xv).

In considering what value is to be attached to inclination of the umbos, attention

should be called to two singular, ancient palaeizoic genera, Autipleura and Dualina,

described by M. Barrande. In single species of these genera series of specimens may
be picked out in which the umbos are inclined in one direction, and other series may
be picked out in which the umbos are inclined in ths opposite direction; the two series

being apparently identical in every other character. This is a puzzling case, seemingly

opposed to all natural laws. M. Barrande figures large numbers of specimens ilhistrat-

ing the two series, and I have studied th^m in the Schary collection of fossils from

Bohemia, now in the M iseum of Comparative Zoology). Ordinarily, however, the in-

clination of the umbos is a constant character and therefore I think it is not a mistake to

consider it a feature of serial value as I have done in the text.

The prodissoconch of Ostrea, Pei-na, Pecten, Anomia and allies, is composed of

homogeneous sub-nacreous lime showing no prismatic clelular layer, fig. 27, section vi,

the first stages of the dissoconch growth on the other hand in these genera possesses a

prismatic cellular structure making a m irked contract in histological structure with the

'Previous to the publication of my preliminary papsr, C23cliug dissoconch sh?U in Pelecypods. In this paper a

an early embryonic shell and its relations to ths succjcd- prodissoconch is described in the foil owing .a:enera: Ostrea,

ing shell had been described at some length by Ryder in several species; Gryphiea ; Exogyra; Perna; Avicula; Pec
the oyster, briefly by Morse in Anomia, and briefly by ten, several species ; Spondylus ; Plicatula; Lima; Anomia
Lacaze-Duthiers in Mytilus. With tliese exceptions I be- two species; Mytilus; Modiola, Crenella: Argina; Unio

;

lieve my descriptions are the flrst concerning the early Margaritana; Anodon; Spha-riuni; Pc-tricola; Scrobicn.

embryonic, prodissoconch shell and its relation to the sue- laria; Venus; Tottenia; Mya and Saxicava.
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condition in tlie prodissoconch. In Mya, Modiola, Vcnnis and most other genera stndied

(.section xiv) no prismatic layer was observed in the first stages of dissoconch growth
and this diflerence, with others considered, is deemed sufiicient to sepai-ate widely these

two divisions of genera.

A discovery of mnch impoi-tancc is the existence of two adductor muscles in the pro-

dissoconch stage of Ostrea, PI. xxiv, figs. 1-2. From the form of tlie sliell and from
analogy, a similar condition is predicated in Pecten, Avicnla, Pcrna, Anomia, etc. All

these genera possess but one adductor muscle in the adult and it lias not been demon-
strated before (excepting in Ostrea in my preliminary paper) that two exist in the young.

Professor Huxley in 1883 showed that the first formed muscle of the oyster (fig. 25,

p. 300, this paper) could not be that of the adult and that a new, second muscle to be re-

tained throughout life must develop. On this basis and knowledge of early types of

Pelecypods, he argued that Ostrea must have developed from a diniyarian ancestry and
my discovery of the early two-muscled stage, therefore proves the truth of his assumption
(discussion, sections iv and xv, also brieffy in other sections on Perna, Pecten, etc.).

There is commonly little consideration given to the true relations of the axes of the

body to the shell in desciibing Pelecypods. In dimyarians the hinge is dorsal and in

monomyarians the hinge area is also considered as dorsal almost universally. Professors

Hyatt (28), Brooks (9), Ryder (60) andLacaze-Duthiers (39), have pointed out the true

condition of affairs in Ostrea and Anomia, where on account of the changed position of

the axes of the body the hinge line is anterior, not dorsal. I have endeavored to main-

tain this more careful consideration of the true relation of parts in my paper and this

must be borne in mind in reading the text. For instance, in Pecten tlie hinge line being

anterior, the free ends of the valves are posterior and the ears are truly ventral and
dorsal, not anterior and posterior as usually described. This changed position of the

axes is intimately connected with the relative size of the adductor muscles of the valves;

a change in position coinciding serially with the deci-case and final loss of the anterior

adductor, together with the increase and final exclusive retention of the posterior ad-

ductor, as described in section v.

The Ostread^e is a group having a peculiarly modified highly irregular shell which has

been a perplexing problem to naturalists in seeking the affinities of the group. As the

result of my studies I have come to the conclusion that the ostrean form of the shell is

due to the mechanical conditions of direct cemented fixation. The proof of the conclu-

sion is that all Pelecypods wiiich are directly attached by the cementation of one valve

assume a similar form of growth. The form claimed as the result of cementation of one
valve is a concave, highly modified, attached valve and a less modified, commonly much
flatter free valve, often differing so widely from the attached valve, as not to be recog-

nizable as belonging to the same species unless found in place. Cementation also appar-

ently induces a camerated structure of the shell. (See PI. xxv, fig. 8 and PI. xxvi,

figs. 1-15, as proof of the effects of cemented fixation.) This statement contains im-

2)ortant conclusions, which are discussed in the text (sections vii and xi) but they may
be briefly stated here. The normal Pelecypod is bilaterally equivalvular, but when at-

tached this feature is lost, asymmetry replacing the typical condition. The cemented
valve is highly modified, the free valve less markedly so; therefore it is the free valve
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Avliich retains moi-e of the ancestral features, and to it and the free young, before mod-
ifying cementation takes pUice, we must turn in studying the rehxtionships of attached

Pelecypods. It is an animal with one side modified, losing ancestral features; the other

side, less modified, therefore retaining ancestral features. The actual change from an

unmodified fi-ee form to a modified cemented form may ])e studied in Ostrea (Pis. xxiv,

xxv), Hinnites and ^Inlleria (PI. xxvr, figs. 3-7) and SpondyUis (PI. xxvii, fig. 4).

The irregularity of attached sliells being due to the condition of fixation we may study

their relationships with an entirely new light on the subject, as the irregularity is a char-

acter superimposed on any regular form of Pelecypod by special given conditions. The
aberrant forms of the Chamid;e and their greatly specialized allies the Rudista; (PI. xxvr,

figs. 8-12 and 20) are considered as extremes of modification in the ostrean line of va-

riation. What the mechanical causes of this line of variations probably are, and what
they lead to as their highest ex[)ression is considei"ed in section vii.

Fiudingthat irregularity commences with the introduction of the fixed period we have

a jiowerfnl ai-gnment in explaining the absence of features in the young dissoconch

stages of Ostrea which might, if free, have retained the form of related ancestral groups,

as is the case in the young of Perna, Pecten, Spondylus, etc. Ostrea is cemented at the

close of prodissoconch period so that stages of shell growth latei- than that are all mod-
ified. The free valve should retain more ancestral features than the attached valve and

this is the case with the oyster. The prodissoconch, the free valve and anatomy of the

adult, all unite in characters which refer the Ostreadss to a type, which is Perna, or some
close ally of that gemis (sections v-vii).

I have described the development of the gills of the oyster with some care, as it is but

slightly treated of by other investigators of this mollusc. In order to understand the

serial development of the several lamellse and to show the relations of the direct and re-

flected borders of the filaments, diagrams are given (PI. xxiv, figs. G-12) of the de-

velopment of the gills of Ostrea, together with diagrams of adult gills in some related

genera.

In Perna (PI. xxvii, figs. 1-3) I find a prodissoconch very closely like that of Ostrea;

but the initial stages of dissoconch growth show indications of a byssal notch not seen

at all in the prodissoconch. This character of a byssal notch originating in the initial

stages of dissoconch gi'owth, but not seen in the prodissoconch, is described also in Avic-

ula, Pecten and Spondylus (Pis. xxvii-xxviir, sections virr-xi).

In Pecten, interesting facts are presented in regard to the life habits of crawling, bys-

sal attachment and mode of swimming, new points are discussed and the shell is described

at length in the young of five species. In all these young I found a prodissoconch with

important characters. The first stages of dissoconch growth in four species were found

to possess well defined prismatic structure in the right valve whereas this is not known
in the adults of these species, and in the extensive researches of Professor Carpenter on

shell structure, prismatic tissue was found in only one species of Pecten. The Pectens

are allied to a group of Pelecypoda which has prismatic structure, in the shell, and it is

a highly interesting fact in accord with other conclusions, that in the extreme young
this featiu'e exists, though early lost and not seen at all in adults. In tlie young disso-

conch stages of Pecten (PI. xxviii) in many species I find characters in the form of the
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shell which are referable in the closest manner to ancestral gi-on])s in eai'ly geologic times,

from which the Pectens were doubtless evolved. The life-history of Pecten shows most

strikingly how the phylogenetic history of a group may be traced by the series of stages

presented in the early development of the individual (sections ix-x).

Studies were made of young Anomias (PI. xxix) growing on glass slides and yielded

facts of high interest, especially in connection with Professor Lacaze-Duthier's observa-

tions on the adult. In the young the three muscles, adductor, posterior pedal and byssal,

are widely separated, though in the adult they almost come in contact, i-endering their

nature ambiguous. The byssus of Anomia was seen to originate from a cleft in the foot

and in the young consists of separate threads. The calcareous plug is formed by the

aggregation into parallel lines of separate disc-like centres of calcification, each centre

being comparable to a separate byssal-thread attachment found in ordinary Pelecypotla

which liave a byssus. These and other points of habits, anatomy and shell structure

ai-e discussed in sections xii and xiii.

The section xiv, entitled Studies of a few other Genera, considers the young of Mytilus,

Argina, Yenus, Mya, etc., and is intended principally to show the extension of the pro-

dissoconch to other genera besides those with which this paper is more especially con-

cerned. Brief accounts are given of the young of sevei-al genera and a comparatively

extended description of the development of the siphon and byssal attachment in Mya.
The considerations of this section are for the most part of a preliminary nature and it

, is ho])ed to give a full description of these and other genera in a future publication.

After studying the prodissoconeh in Ostrea and its allies, Pecten, Perna, etc., I have

summed up in section xv the evidence of anatomy, shell structure and palaeontological

occurrence, all of which jioints towards Nucula or a nuculoid form as the probable an-

cestral type of which the prodissoconeh is the representative in the development of these

several genei-a. Passing to the next section (xvi),I have attempted to give in tabulated

form the serial relations existing between the genera studied. These two sections may
be considered as the culmination, to which the studies of shell growth at ditfereut ages

of the individual and in related genera have gradually led.

As a matter of technique I woidd call attention to the benefit received from the use of

drain-pipe trajis containing glass, as described in section u. By its means attached

forms were studied on a transparent medium and free forms of small size were entrapped

and easily found.

For the guidance of readere attention is called to the italicized paragraphs on pages 295

and 300. Every care has been used to give full references to all observations bori-owed

from authors and equal pains have been taken to give full credit to investigators where
their observations seemed similar to mine, or to have bearings on the various facts and
conclusions discussed. The facts described and inferences from them not specially cred-

ited in this paper are my own.

II. SouBCEs OP Material, axd Methods of Woek.

In the summers of 1887 and 1888, several weeks were spent at a fine collecting local-

it}^ on Buzzards Bay, which is situated on the southern shore of Cape Cod, fron\ which

I walked, or rowed, to my laboratory not far off.
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The Avater of the bay is remarkably clear and pare. It is wanned by the Gulf Stream,

and also by i-ising tides which flow over great areas of siin-heated flats. The water is

fi'eshened by Monument River, and by brooks and percolating water entering the bay
from the low, gravelly shores.

The site chosen for operations is alow-lying neck of land in the township of East "Ware-

ham. At this locality a sand bar is formed by the tide as it rises and flows on the one side

to Onset and on the other to Buttermilk Bay, The force of the current is very great

and it is a noted spot amongst the fishermen for a "set" or "fall" of oyster s^ja t. On the

north side of the neck of land a small sinuosity in the shore line forms an almost en-

closed pond which is bare at low tide. The greater part of the young Pelecypoda stud-

ied, were obtained on the bar and in this pond. For the use of a temporary laboratory,

the bar and the pond, I am indebted to Dr. E. B. Larchar. I am also indebted to him
for occasional assistance in prosecuting my work.

In studying forms of animal life that become fixed to foreign l)odies during their early

stages of development, it is an advantage if they can be induced to attach themselves to

transparent media, such as glass or mica, so that they may be studied by transmitted

light without disturbance under the microscojie.

Sevei-al attempts have been made by Ryder (62), Ilorst and Winslow, but with only very

partial success, to secure oysters on glass. As I was anxious, if possible, to get oysters

growing on glass, in 1887 I tried several methods to accomplish the desired end, which
were described in my paper on "Catching Fixed Forms of Animal Life on Transparent

Media for Study." The following method was tried and found successful. On the 15th

of July, 1887, at the suggestion of Dr. Larchar, earthenware drain-pipes were partially

sunk on the sand bar in an upright position, and loosely filled with broken glass. Six-

inch and four-inch pipes were used, and at different elevations above the sand. I did

not secure any spat in the four-inch pipes. A six-inch pipe sunk nearly to the level of

the bar was successful, but in an unlucky day was filled with sand, and the young oys-

ters Ijuried. Six-inch pipes, reaching about ten inches above the bar, were perfectly suc-

cessful, and on the glass in them I got large numbers of young oysters. During the

summer of 1888 the attempt to get oysters on glass was rejjeated. On the 18th of July,

four six-inch drain pipes were sunk perpendicularly on the bar at the lowest point avail-

able at low tide. They stood about fifteen inches above the sand. The last of July,

four eight-inch pipes were sunk in a similar position, all were filled loosely with broken

glass, and met with entire success. The eight-inch jiipes were preferred to other sizes

as large pieces of glass could be put in them and the spaces between contiguous plates

could be more easily maintained. Long strips of glass, two to foin- inches wide, the

trimmings of glaziers, were used. They were arranged ])erpendicularly in the pipes, and
were readily taken out, examined and cleaned. They were cut as requii-ed by one of

the rotary, hard steel wheels sold by hardware dealers for that purpose. This size of

pipe and glass gave such satisfaction that I should use it in future if occasion demanded
to the exclusion of other methods that were tried. Suitable conditions for the success

of the undertaking were therefore as follows: (1) a strong tide-way, which would bring-

plenty of free-swimming fry, and afterwards abundant food for their maintenance; (2)
MEMOIRS nOSTOS SOC. NAT. HIST., VOL IV. 39
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an area of quiot water within the pipe, in which the fiy could settle and attach them-

selves to the smooth glass; (3) the absolute shutting-out of violent currents which would
detach them from their precarious abiding places.

I first found spat on the glass on the 25th of July, 1887, and on the 28th took out a

])ane 6 by 4| inches sqnare on which I have counted eighty-two young oysters, as it is

still in my possession intact. This was only exceptional in the size of the glass, as other

pieces bore nearly or quite as many spat proportionally to their area. Spat were secured

in the pipes until the 29th of October, 1887, when few were left, large numbers having

dropped off by the natural dissolving action of the sea-water upon the organic cement

by which they are attached. In 1888 the first oysters were found on glass on August
1st, and they continued to set into the month of Septenil^ei'. The lateness was probably

due to the comparative coldness of the summer.

Besides oysters, the young of many invertebrates and a\gse attached themselves to

the glass, affording admirable opportunities for studying them alive and luidistni-bed.

The following attached invertebrates were iwted: 3Iolgida7nanhritknsis,Yem\\; Balanus
halcmoides, Stimjison; Serpulas, and other tubicolous worms; Crejndulafornlcata, Lam.;

C plana, Say; Ostrea virginiana, Lister., in profusion; Anomia glabra, Verrill, nearly

as abundant as the oysters; Pecten irradlans. Lam., attached byabyssus, both very

young and quite large individuals, vai-ying from 4 to 1.3 mm. in height; Modiola plica-

tala. Lam., attached by a byssus; Argina pexata, Gra^', attached by a byssus; 3Iem-

hranip)ora pilosa, Farre, often in lai-ge sheets; Escharella variabilis, Verrill.^

The drain-pipes formed a sort of trap, into which many free-moving, crawling, or swim-

ming molluscs found their way. "When in the pi[ie they woidd have some dilficulty in

getting out, and much valuable material was thus obtained. The following Gasteropods

were found entrapped: Scalaria lineata. Say; Urosalpinx cinerea, Slimpson. This gas-

teropod destroys many oysters both young and adults by boi-ing into the shell and
killing the animal. I have not seen holes bored by Urosalpinx in Anoniias, though they

are quite as exposed as are oysters to its attacks. Littorina litorea, Menke, was found

entrapped, both adults and young, in great abundance. Li moving about on the more or

less du't-covered glass, this animal makes a trail by the lingual ribbon with Avhich it as-

siduously scrapes the glass for its food. The tracks consist of zigzag series of short,

parallel lines of cleaned glass, arranged with the longer axes in the direction of the trail.

The shoi't lines are almost confluent with the lines of the next succeedino: row; beinjr

at first nearly confluent on one side and then on the other, producing a zigzag ])atteru as

the animal moves along. Ilyanassa obsoleta, Stimpson, was found in great abundance

in the pipes. This species makes a track similar to that of Littorina, but much smaller,

as might be supposed from the size of the animal. The differences are that the individ-

ual, |)arallel, short lines are less distinctly separable one from another and there is a

much larger angle between the successive zigzag series of lines in the track of Ilya-

nassa, than is the case with the tiack of Littorina. The last two gastei-opods did good

' Our sea-anemone, Melridinm mar(iinotum, attaches it- proliably successful method to adopt in stuclying the de-

self freely to glass slides when in conlinement. The plan velopment of corals T\here very fine results miirlit Ije ob-

of placing glass in enclosed traps would be a desirable and tained by its employment.
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service in eating vegetable growth on the glass, that would have been injurious to the

young oysters and other fixed forms, which I was studying.

The following free Pelecypods were also caught in the pipes as entrapped forms;

many specimens of young Mija arenaria, L., varying from 0.5 mm. to 6 mm. in length,

and very young Venus mercenaria, L., 0.5 mm. to 2 mm. in length. Aryiria pexata

appears again under this list of entrapped forms, as I found a very young specimen

0.75 mm. long which was free. Pecten irradians also belongs to both the lists of free

and attached forms, a numl)er of unattached individuals varying 'from 0.75 mm. to 1.5

mm. in height being secured. It is a stage of development preceding the attached bys-

sated stage as described in the text. Occasionally adult Pectens and Lcevicardlum

moi'toni, Perkins, were entrapped.

A bottle, bearing many oyster spats and Anomias, was washed up on the shore dur-

ing a storm, showing that they may be caught on glass under other conditions than those

afforded by the drain-pipes. Probably the oysters set in the bottle when it was in com-

paratively deep water, where moderate quiet prevailed.

The nature of my researches was such that young oysters with shells as clean and

perfectly presei'ved as possible were desired. Year-old oysters perfectly cleaned were

found very beautifully pi-eserved in the inside whorls of a dead Sycotopus shell, where

they were completely protected from all eroding action. To imitate these conditions, in

the salt-pond above referred to, a large number of inverted flower-pots, two-and-a-half

and three inches in diameter, were suspended from galvanized wire stretched between

stakes di'iven firmly into the sand. The pots were raised about six inches from the sand.

This met with entire success, the pots in many instances being almost literally covered

with spat. On the outside of the pots very little, and on the inside no sediment was de-

posited, as the pots hung like suspended bell-jars, so that the oysters were clean and well

preserved. Further, on account of the porosity of the earthenware, the oysters had less

hold than on natiu'al cultch of stones and shells, and were easily I'emoved for study.

The owner of the pond in the winter of 1887 built a dam across the entrance so as to hold

about two feet of water in the pond. Under these changed conditions, inverted pots

were again suspended on the 17th of July, 1888. Oysters set on pots quite as suc-

cessfully as in 1887, when the pots were exposed at low tide, and they grew much
more rapidly.

In four large inverted pots microscope slide boxes filled with slides were suspended.

The boxes were strengthened by brass nails, as they were simply glued and would have

fallen apail in the water. One hundred slides were thus exposed in an horizontal posi-

tion, but they were not as successful as glass exposed in the drain-pipes. They became

coated with sediment on their upper faces and covered with minute vegetable and animal

growths on their lower faces. The last is ascribed to the fact that the slides were so

close to one another that the scavenger gasteropods, Littorina and Ilyanassa, could not

get at them and destroy the objectionable growths as they did in the loosely-filled drain

pipes.

In 1887, a number of wooden plates, such as are used at picnics, were exposed in the

salt-pond. Holes were punched in the plates which were then strung on galvanized iron
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wii-e and suspended between stakes. The plates Avere placed in jiaii's with the edges

apposed so that the centres Avere widely separated and chambered pockets were thus

formed. They were fairly successful. In 1888 when tlie pond was continually full the

plates worked moi-e successfully, the oysters growing with extreme rapidity. The
rapid growth was pro])al)ly due to the fact that the oysters were suspended and there-

fore kejrt very clean and also to the increased warmth of the water in the shallow pond

as compared with water in the open bay. In the chambers formed by the apposed plates,

similar forms to those found in the drain ])ipes were attached or entrapped. The value

of obtaining fixed forms like oysters on thin wood is that they are easily removed for

study or may be decalcified and sectioned without removal. Should wooden plates be

desired, it is best to secui'e those which are cut from the block in a dish-form, not those

which are cut flat and then pressed into a dish-form; because the latter flatten out when
exposed in water, whereas the former retain their curved shape.

Cocaine was found a most valuable reagent in paralyzing Pelecypods which it was

Avished to kill distended or to dissect alive. A four per cent solution was used and was

added gradually to a small volume of sea-water containing the animal. By this means

only Avas I successful in killing young Pectens with the byssal attachment intact. Ad-
ditional material was collected at various localities near Boston and some Avas loaned me
by museums as noted in the text.

III. Classification or Stages of Gkoavth and Decline.

In successive stages of groAvth of the individual, peculiarities ai'e often found which

are characteristic of definite periods. These ])eriodical characters have been studied,

especially in their later phases, by Professor Hj^att in fossil Cephalopods, and as a con-

venience in considering the several periods, he has (33-4) devised a nomenclature of the

stages of growth and decline,^ which he believes is applicable throughout the animal

kingdom.^

We Avill now consider this classification in its application to the mollusca. The no-

menclature dcAdsed for early embryonic stages consists of names very broadly recalling

the grand divisions of the animal kingdom. They are jjrotembryo, mesembrj'o and met-

embryo. The foUoAving names, neoembryo and typeinbryo, are applied to later stages

of embi-yonic de\'elopment.

Professor Hyatt considers that the neoembryo mollusc is the trochosphere stage, and

that it has not yet acquired characters peculiar to a mollusc. The trochosphere stage

(PI. XXIII, figs. 3-4), before the formation of the shell-gland, certainly has not yet ac-

quired characters Avhich Avould define it as a mollusc, and Ave would limit the neoembryo

stage to that period of development.^ A comparison of this stage in molluscs Avith Pro-

' Besides the references cited, this paper was published

in the American Naturalist October, 1888. An al)stract

was published in Science, A''ol. xi, No. 260.

- Professor Hyatt says that his nomenclature is similar

to that adopted by.Professor Haeckel ; but is also supple-

mentary, aud based on morphological, rather than on phys-

iological grounds. In his paper he discusses the relations

of the two systems of nomenclature.

^ The ideal trochosphere of Professor Lankester (41) as

that author says : "... exactly agrees with the lar-

val form of many Ch.Ttopod worms and other Cffilomata

;

most remarkable is its agreement with the adult form of

the wheel animalcules or Rotifera . . .
." Again he

says : "So far the young mollusc has not reached a defi-

nitely mollnscan stage of development, being only in a con-

dition common to it aud 'other Ccelomata.' " Some of
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fessor Hatscliek's figures (36-53) of developing' Eupoinatiis (Sei'pula) shows a close

similarity in structure, proving the identity of the two types at this early stage.

The name typembryo Professor Hyatt ap])lies to the period in developing animals when
the characteristics of the greater divisions begin to appear; when the embr3'o has char-

acteristic features of the sub-kingdom to which it belongs. He considers the typembiyo

of molluscs to be the veliger stage, at which period the embryo is sufficiently far ad-

vanced to be recognizable as a mollusc. He speaks of the protoconch (completed embry-

onic shell) as a typembryo.

I think Professor Hyatt has not given the necessary limitations to his typembi-yo

period in the moUusca. The shell-gland which produces the first rudiments of the prim-

itive shell is considered characteristic of all molluscs {vide p. 207). It is the first defi-

nitely molluscan feature to appear, and as it is singularly alike in all molluscs where

known, the embryo at the period when the shell-gland exists is referable to the mollnsca;

but has no characters yet which refer it to the class or phylum to which it properly be-

longs. The veliger stage, however, is referable, not only to the sub-kingdom mollnsca

as claimed by Professor Hyatt, but also to that class of mollnsca to which the embryo
really belongs. The veligei- Pelecypod, fig. 25, p. 300, PI. xxiii, figs. 9-11, has two valves

and an anterior adductor muscle; the veliger Gasteropod, PI. xxiii, fig. 19, has a si)irally

twisted shell and characteristic foot, tentacles and eyes; the veliger Scaphopod, PI. xxiii,

figs. 13-14, has a saddle-shaped shell known nowhere else in developing molluscs; the

veliger Pteropod has an anatomy peculiar to itself. I would therefore suggest an alter-

ation in Pi'ofessor Hyatt's definition of the typembryo. In the mollnsca the tiipemhriio

is the jyeriod characterized by the existence of a shell-gland and the plate-like heginnings

of a shell; in it normally the ciliated trochosphere disc is becoming transformed into the

velum and the foot is developing. Examples of typembryo molluscs are given in the

summary of stages later.

I have shown that the veliger stage of molluscs is referable to the class or jihyhnn to

which the embryo really Ijelongs. As it is a period most distinct and important, I sug-

gest for it the name phylembryo} The phylenibryonic mollusc is an early period in de-

velopment, yet having characters in the shell and anatom.y which mxike it referable to the

class to which it belongs. Commonly a velum exists at this stage; but the stage is not

meant to include the whole veliger period.'^ Examples of phylembryos are given in the

summary of stages.

The completed ])i-otoconch and prodissoconch of molluscs is a jjeriod later than that

at which the phylembryonic features ai'e fixed and yet is very distinct from the period

Lankester's and Balfour's figures of the trocliosphere stage ^ Tiie existeuce of a velum cannot be used very closely

have already acquired a shell gland and in regard to tliis as a diagnostic cliaracter In considering stages of growtli.

character cannot be considered as purely trochosplieres ac- M is fre([uently nearly or quite absent, as iu Unio, Anodon,
cording to Lankester's definition, for, -with the shell gland I'l. xxiii, figs. 7-8, Cyclas, and Sphrerium, PI. xxx, fig.

they acquire a feature which makes them referable to the 4, or it may exist long after the period of its normal

moUusca. They are trochospheres in which characters disappearance. In studies of developing Si/cotopiis caiial-

typically occurring later are very early inherited so as to ictilatus, PI. xxrn, fig. 20, I have found that a large,

cause an overlapping of stages. highly developed velum exists for a considerable time af-
i yvAiiy, a race, tribe stock, pliyUuii, and "A7/,?//vi<v, ter the formation of the true shell, although it is lost be-

an embryo. fore the young leave the egg cases.
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of growth which immediately succeeds it (see figures referred to in the summary). In

view of the fact tliat it is the close of the embryonic shell pei-iod and is expressible as a

completed jirotoconch or prodissoconch, I do not think it is necessary to name the pe-

riod of growth. Tlie ])eriod in Pelecypods and Gasteropods, where both anatomy and

shell are known in many genera, is referable in origin to the adults of known allied

forms.

In the early period of growth of the ti'ue shell, which succeeds the first formed embry-

onic shell, stages have been found Avhicli are referable to adult ancestral forms. Pro-

fessor Hyatt studied these stages in Cephalopods and named them the silphologic (grub)

'stages. In a footnote to this paper^ he has given up the use of the term silphologic and

supplied in place of it the word nepionic.^

My investigations of young Pelecypods and Gasteropods, and also studies of pub-

lislied figures of Scaphopods, lead to the conclusion that nepionic stages in molluscs have

characters referable to ancestry in most cases quite close to those naturally grouped as

near allies of the adult. In the nepionic period (see figures referred in the Summary),

it is quite common to find a shell with characters almost inseparable from those of the

adult, or at least so near that the genus can be correctly determined. In other cases,

on the contrary, wide differences from the adult condition may be observed at tins early

stage.

Periods later than nepionic are named by Professor Hyatt successively as nealogic

(youthful), ephebolic (adult), and geratologic (old age) stages.

"NVe will now give a brief summary of the stages of growth and decline as applied to

the moUusca, with figures or references to known forms whicli may be used as types il-

lustrative of the various stages. The illustration of the stages is a new feature, not given

in Professor Hyatt's paper. Definitions in this summary are taken from that author's

paper with the exception of such alterations as are suggested in the foregoing pages.

A classification of stages of growth and decline, in its application to the various groups

of the animal Ivingdom, must be separately worked out for each grotip. It is believed,

liowever, that the following classification contains the essential features necessary for

such applications. New terms may be needed in some groups, but those here used will

probably be applicable to the principal pei'iods of growth in all animals.

Protemhryo. The ovum and stages of segmentation of the e^g, preceding the forma-

tion of tlie blastula cavity. Examples: figs. 10-15, p. 295, of developing Ostrea, also

Professor Brooks' figures 1-25 of a developing oyster and Dr. Patten's figures 2-11: of

developing Patella.

' The use of the word "silpholosic" derived from

nlXari a grub, when applied to tlie younger stages of all

aniinals is likely to lead to confusion of ideas. I have as-

certained, hy recent studies of'insects, the truth of Bran-

er's opinion, that the grubs, maggots and caterpillars

common among insects are not normal progressive stages

of development, such as are most common in other types

of animals; but are, strictly speaking, cases of retrogres-

sive or more or less degraded specializations. I desire,

therefore, to give up the use as a general term of the word

Silphologic and propose in its place Nrpioiiie, or young an-

imal, from JVrj-m^, an infant. This word also is more in

accord with other terms of the nomsnclature proposed in

my paper on "Values in Classification of the Stages of

Growth and Decline," Proc. Bost. Soc. Nat. Hist. Vol.

xxiii, 1888. Signed, ALrnEus Hyatt.
" The word nepionic is particularly suitalile for early

yet post embryonic stages. Besides its meaning of infant,

applied to the young of man, I am told by Mr. Ernest

Jackson that it is used twice in the Iliad, of young ani-

mals, and by Theophrastns of young plants.
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Mesemhryo. The liollow blastiila stage comparable to the condition found in the

adults of Volvox and Eudorina types of the Mesozoa.^ Examples: PI. xxni, figs. 1, la,

of developing Patella.

Metembryo. The gastrula, comparable to the lower Poi-ifera in which three cell-layers

exist, as in the lowest Hydrozoa. Examples: PI. xxiir, fig. 2, of developing Paludina,

also Hatschek's figure 5, of developing Teredo.

Neoembryo. The trochosphei'e. Stages not yet possessing the essential diagnostic char-

acters of the mollusca; comparable to the embryos of Chfetopod worms and other Cffilo-

mata. Examples: PL xxrrr, figs. 3-4, of developing Patella, also Professor Butschli's

figure 6, of developing Paludina.

Tyjif-nibryo. The period at which an essential moUuscan feature, the shell-gland, and
plate-like beginning of the shell are discoverable, and yet tlie embryo is not I'eferable to

the class to which it properly belongs. Examples: fig. 22, p. 297, of developing Ostrea;

Pl.xxiii,fig. 5,of develojiing Pisidum; PI. xxiii, fig. 6, of developing Pleurobi-anchidium,

also Laidvcster's (44), fig. 72, of dcA'eloping Limnsens. A comparison of the molluscan

typembryo and neoembryo stages with Hatschek's figs. 36-53, of a developing Eupo-
matus (Serpula) shows graphically the value of these stages in classification.

Phylenibryo. Eai-ly veliger stages in which the chai'acters of the class subdivisions are

indicated, and the structure of the shell and other features rendei" the embr3-o referable

to the group of mollusca to which it belongs. Examples : p. 299, figs. 23-24, of developing*

Ostrea; PI. xxni, fig. 19, of develoj)ing Sycotopus and PI. xxiir, fig. 13, of developing

Dentalium, also Lankester's (43), PI. 8, fig. 22, of developing Apysia, and our figs.

7-11, PI. XXIII, of develoi)ing Anodon, Modiola, Cardium and Montacuta.

Cotn'pletod protocondi and prodissocoiich. The completed first-formed shell of molluscs,

the ovisac, fry shell, embryonic shell and larval shell of authors. It finds its representative

in the globular, cup-shaped, or spirally coiled pi'otoconch of Cej)halopods. Examples : PI.

xxni, figs. 15, 16, of develo])ing Goniatcs. Also see Professor Hyatt's (27) figures of

developing Ammonites and Zittel's figures of young Ammonites, Bclemnites and Spii'ula.

The existence of a cicatrix at the base of the couch in Xautiloids is claimed by Profes-

sor Hyatt (27) as ]iroof that a protoconch existed in the young and a parallel fact in

favor of this conclusion is the finding of a cicatrix at the tip of the conch in Acmsea as

descri1)ed below.

A withered, irregular bullj, ibund at the apex of the conch in some Orthoceratites,

figs. 1-8, Professor Hyatt considers as the I'emains of a protoconch, proljably originally

of conchyolin structui-e. M. Barrande (3) figures cicatrices and Avithered bulb-like

protoconchs in many Nautiloids. See his figures of Cephalopoda, Pis. 487-490, inclu-

sive. Several of his figures are taken from unpublished drawings of Professor Hyatt's.

In some Pteropods a bulb-like expansion of the tip of the shell seems to be the equiv-

alent of the protoconch m other mollusks. Examples: PI. xxiu, fig. 17, also several

figures in Bronn's Thier-reichs. In Avell-preserved Tentaculites a globulai- or elongate

protoconch is sometimes found. Examples: Tentaculites acuarius,V\. xxiii,fi^. 18; also

see figures in Hall's Pal;eontology of New York and other authors.

' For Uic consklci'atioii of Volvox ami Eiulorina as mesozoa see Ih'att, Reference Xo. oO.
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The protoconch in Gasteropods is represented by a spirally twisted embiyonic shell.^

Examples: Sycotopns canaliculatas, Gill, PI. xxrir, fig. 19. Older specimens than this

from egg cases show a well-marked protoconch at the tip of the conch and I have also

observed a well-defined protoconch in yonng specimens of Fulgur carica, Con., Pur-
pura lapillus, Lam., Vermetus i-adicula, St., Baccinum undatum, L., and Grepidula for-

FiGS. 1-3. Orthoceras elegans, Miinst. Apex of conch

and protoconch, viewed from tlie side, below and in front.

Figs. 4-5. Apex and protoconch of another specimen.

Figs. 6-8. Orthoceras poUtiim, KMpst. Apex of conch

and protoconch viewed from the sides and below.

a, protoconch; e, apex of conch; 6, shoukler of apex.

All from the Triassic of St. Cassian (after Hyatt).

nicata,^ PI. xxin, figs. 21 and 23. Eolis has been fignred with an embryonic shell and

it is important that this genns which possesses no shell in the adult has a typical, spiral

protoconch when young. A very interesting condition is that which I recently found in

the young of ^cmcca testudincdis yar. alveus, Verrill, PI. xxrii, fig. 24, which I collected

at Vineyard Haven, Martha's Yineyard. No protoconch exists at the apex of the conch;

' The embryonic shell or ])rotoconcli of Gasteropods is

commonly spoken of by embryologists as a " Nantiloid"

shell ; but this is not strictly correct. A Nantiloid shell

is spirally coiled in one plane as in the Nautilus from
which the name is borrowed ; but the jirotoconch of Gas-

teropods, In all tlie luimerous cases which I have seen,

either as specimens or figures, is coiled in a spiral plane

and should not be confounded witli the Nantiloid form

from which it is totally distinct.

^The spirally twisted protoconch of Crcpidula proves

that the almost conical form of the adult is not due to

a primitive, simple condition in which the spiral has not

yet bec(nne developed ; but rather to a moditied condition in

which the ancient spiral form, shadowed in the protoconch,

is almost entirely lost in the adult. Similar observations

have been made on Fissurella in an exltaustive paper by
M. Boutan. The protoconch is very sharply defined and
is beantifidly clear in the young of Crcpidula furnicata.

Lam., and (J. plana, Say, botli of which species are com-
mon on our shores and may be collected in abundance in

July and August. A short paper on this shell is now in

jireparation for publication.
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but, instead, a well-defined cicatrix marks the position wliere the protoconcli has become

separated off. The cicatrix consists of granular lime and fills as a plug the space which

otlierwise would be a foraminal opening in the shell. In form the cicati'ix simulates the

ontline of the base of the separated protoconch as will be evident by comparing the scar

of fig. 24 with the protoconch of Crepidula in PI. xxrii, fig. 23. The cicatrix of Acmaea

is made up of two areas, one circular and surrounded by a ring of similar nature, the

other roughly triangular ovate. I find that a similar outline is formed by laying a small,

slightly muddy Gasteropod on a clean glass slide. The closely related genus Patella

fi-o'in Patten's studies is known to have a typical spiral protoconch. Thei-efore, there can

be no question as to the meaning of the cicatrix in Acmaea. Professor Hyatt assumed,

as noted above, that the existence of a cicatrix in Nautilus pi-edicated the presence of a

protoconch in the young and it gives me great pleasure to offerthis corroborative evidence

of the truth of his assumption from another class of molluscs.

In Scaphopods the embryonic shell has been named a pericouch l)y Professor Hyatt

(33) on account of its peculiar saddle-shape form. See Dentaliura, PI. xxiii, figs. 13-U.

In Pelecypods the bivalvular embryonic shell or prodissoaonch is figured in many genera

in this paper. Examples: see almost every plate.

JSrejnomc period. The period of the first formation of the true shell which succeeds

the embryonic shell and is normally retained throughout the rest of life. The period is

commonly characterized by marked stages. Examples: figures of developing Ostrea,

Pis. XXIV and xxv, figures of developing Perna, Pecten, Anomia, Arginaand other young

Pelecypods figured on Pis. xxvii to xxx, inclusive. Also Professor Hyatt's (27) PI. iv,

figs. 7-9, of a yonug miutilus honinckii. These last figures have a smooth, nepionic

period, succeeded by a fluted, neologic stage. The nepionic stage is shown in Crepidula

fornicata and in Acmaia testudinalis var. cdveus, PI. xxiir, figs. 21, 23, 24. It may be

observed in Sycoto[)us, Fulgur and Bnccinum when removed from their g^q cases, in

which condition the shell is very finely preserved.

Nealoqlc jjerlod. The period succeeding the nepionic and preceding that period which

may properiy be considered as the adult. It is frequently characterized by mai-ked

stages, being a period in which the gi-owing animal often differs widely from tlie adult,

and as it is of considerable size, the diff"erences and stage are easily recognized. Ex-

amples: mnnites cortesi, PI. xxvi, figs. 3-4, has a peeteniform nealogic stage sharply

marked oft^ from the ostreafoi-m adult condition. Slava fibrosa from the paleozoic PI.

xxui, fig. 12, is one of the most striking cases of definition of the nealogic period that I

have ever seen. The nealogic stage as shown in the figure is concentrically plicated and

is highly arcuate, whereas the succeeding ephebolic period is radially plicated, spread

ont in a fan-like tashion and is much less arcuate. Many species and individuals of this

remarkable genus are figured by M. Barrande. The period is strongly marked in the well-

known ClavagellaandAspergillum and the last mentioned genus has a definitely marked

nepionic stage as well. The young shell of these two genera has up to the close of the

nealogic stage two equal valves. In the adult the bivalvular condition is lost; the two

valves having united so as to form a single tubular shell, which by itself would not be

recognizable as a Pelecypod. In the Gasteropoda, Vermetus, fig. 9, and Magillus, the

nealogic period is close coiled, whereas the adult is loosely coiled and vermiform having

MEMOlltS BOSTON SOC. NAT. HIST., VOL. IV.
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lost nearly all the characteristics in the shell of the Gasteropod form. Mai-ked nepionic

and nealogic stages of growth are a striking feature of many Gastei'opods as seen in

Yetus, Cyprsea, Strombns and Pterocei-as. These and other stages

are also sti-ongly marked in many Cephalopods, where they are de-

scrilicd by Professor Hyatt (34 and other papers).

Ep]i(holic j)eriod. That period best characterized hy saying that in

it the adult characters find fullest expression; it is often separable by
mai'ked stages from the earlier nealogic period, and also from the later

or senile period. As examples we would refer to the adult (middle

age) condition of the figures referred to as illustrating the nealogic

period and also the next or geratologic period. In Slava fibrosa, PI.

xxni, fig. 12, the radially plicated area is referable to the ephebolic

period. In Hinnites cortesi, PI. xxvi, figs. 3-4, the ostrcaform stage

is ephebolic and in Vermetus radicula, fig. 9, the vermiform stage is

the ephebolic period.

Geratologic pmod. The period of decline of the individual, often

marked by distinct stages. The geratologic period is subdivided by

Professor Hyatt into the clinologic and nostologic periods, signifying the early and

Liter periods of decline of the individual. As examples of geratologic stages, I would

refer to Venus Tridacvoides from the Miocene Tertiary of this country and to Cardlta

jjlanicosta, Say, from the Eocene Tertiai-y of Claiborne, Ala. In both Ibrms old age is

strongly indicated by a loss of costations and other characters found in the ephebolic

period, the new period assuming a strikingly different appearance. In the old age of a

Brachiopod, Atryj^a j-i/f/osa, may be observed a most marked change; the regular even

plications of the adult become ii-regular and spread out in a fan-shaped fiishion. This

is shown in many of M. Bari-aude's figures and is more or less completely developed in

some specimens of any large collection of American or European specimens.

Fig. 9. Vermetus rndi-

cula. St. (Aflfi- Ver-
rill.)

IV. Ostrea: Devki.opment or the soft parts.

Embryology.

The early embryonic development of the oyster may be followed in the writings of

Dr. R. Ilorst on the European oyster, O. edidis, L., and Professor 'W. K. Brooks on the

development of our oyster, O. inrginiana, Lister. The later stages of development have

been described by Professoi" Huxley and Dr. R. Horst in the European oyster, and Pro-

fessor J. A. Ryder and the author in our species.

The European species, Ostrea edulis, L., is hermaphroditic according to European in-

vestigators and Professor Ryder, and the embryos undergo considerable development

in the gill chaml)ers of the parent. Our species, O. virginiana, Lister, on the contrary,

is not hermaphroditic, according to Brooks (9), and Ryder (Gl), and differs from O. edidis

in that the eggs are discharged from the parent and undergo their whole development

in the sea. It produces many more eggs than the European species, and the embryos

arc much smaller than those of 0. edulis.



PHYLOGENY OF TFIE PELECYPODA. 2n5

1 have not followed the early embryonic development of the oyster, and therefore, for

the stages considered make reference to the lyuhUcations of Professor BrooTcs (9), Dr.

Horst (23, 24) and Professor Huxley (26)}

As will be seen in studying the oystei- both the soft parts and the hard, we have to deal

with a member of a highly peculiar and aberrant group, varying much from the charac-

ters commonly met with in molluscs. Many of the characters, and especially their period

of occurrence in the life of the individual, are well explained by the law of concentra-

tion and acceleration of development, which is considered in the introduction. By this

law a highly modified or " concentrated " type is one which acquires characteristics very

early in Its development, earlier than the noi-mal, so to speak, and such is found to be

the case in a marked degree in the oyster.

The egg after fertilization undergoes a period of segmentation until it becomes a solid

mass of^clils, see Brooks' figs. 1-29 and our figs. 10-15. These stages, following our

classification, are considered as protembryo stages. (Nomenclature of stages, section in.)

7
Fig. 10. Fig. 11. FIG- ii. Fig l:i. Fig. U.

ere

Fig. 1.1
Fig. 16. Fig. 17. Fig. 18.

DEVELOPMENT OF OSTItEA EDULI.S (AFTER HOEST).

Fig. 10. 'Rs.s. of oyster, with germinal ve.sicle and spot

visible witliin tlie vitellus.

Fig. 11. Beginnina; of development; the germinal ves-

icle has become invisible and polar globules appear.

Fig. 12. First stage of segmentation ;
the egg is divided

into two spheres of unequal size (animal and vegetative).

Fig. 13. More advanced, the egg being divided into four

spherules.

Fig. U. Stage when the egg shows one large vegeta-

tive sphere and several animal spheres.

Fig. 15. More advanced stage seen from above, where

the vegetative sphere is divided into two spherules.

Fig. 16. Embryo side view at tlie beginning of invagi-

nation (gastrular).

Fig. 17. Embryo more developed; optical section, witli

invagination of the entoderm and beginning of the prc-

conchylian gland: ec, ectoderm; ck, entoderm; o, blasto-

pore ; sk, preconchylian gland.

Fig. 18. Embryo a little older, side view : v, pediform

appendix; other letters as in fig. 17.

The next stao-e in the development of the embryo, taking as a normal that which has

been commoidy observed by embiyologists, shonld be the formation of a mornla stage,

the cells ari-anging themselves in a peripheral layer around a hollow sphere. Acco.-ding

to the investigations of Professor Brooks and Dr. Horst, there is no true morula stage

• In the consideration of these early stages such points

are selected from the writings referred to as serve to il-

lustrate this paper. I do not pretend in any sense to give

an abstract or even a discussion excepting in a limited

sense of the early development.
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ill llie 03'ster, the g-astrula invagiiifition commencing before the formation of a hollow

sphere. We have, theiefore, no stage comparable to our mesenibryo stage, PI. xxiii,

figs. 1, la, its absence being explicable as a case of extreme concentration of develop-

ment in the oyster.

In the later segmentation stages. Brooks' figs. 22-28, also our fig. 14, we find that

those cells which are of ectodermic and entodei-mic nature are clearly defined. The en-

toderm consists of a single macromeric cell surrounded in an inci'easing degree by mi-

cromeric cells up to the jx^iod shown by Brooks' fig. 26. The single macromere then

divides into two, Brooks' fig. 28, then into several cells, his fig. 30. Coincident with

the splitting up of the entodermic cells thei-e is, according to both Brooks' figures and

our fig. 16, a flattening of the enibiyo from above downwards, and a pushing in of the

entodermic colls, which commencing as a slight depression. Brooks' fig. 31, our fig. 16,

soon forms a deep invagination, tlie gastrula cavity; see Biooks' figs. 32-35 and our

fig- 17.

From this point on there are some impoi-tant differences in the observations of Pro-

fessor Brooks and Dr. Horst. As llorst's observations were made on embryos of

O. edulis, which are much larger than those of O. virginiana, and as they are more in

accordance with observations made on the development of other Pelecyjjoda and mol-

Insca I have for the most part followed them where diffei-ences exist.

In our classification of the stages of gi-owth, the metembryo mollusc represents the

gastrula stage, Pl.xxui, fig. 2, being a period in which two well-formed and an incipient

third layer exist. Professor Brooks' figures 32-35 represent different aspects of the gas-

trula oyster according to his observations. His fig. 33, an optical section, shows an em-

bryo with a primitive gastrula cavity and body cavity. It also has a velum slightly devel-

oped. These figures answer well the requirements of the meteini)iyo stage and may be

said to represent that j^eriod in the development of Ostrea vtrginiana.

Dr. Horst, considei-ing the stages (our figs. 16-17) which are referable to the gastrula

period, says, " there can however be no question of a genuine invagination because there

is no cavity of segmentation; we have here, so to speak, an intermediate form between

an embolic gastrula and an epibolic gastrula.'" He notes the remarkable i'act that coinci-

dent with the gastrula invagination at the vegetative pole, there is also a very distinct

depression at the other pole, a little below the doi-sal side, our fig. 17.^^-. This second in-

vagination by further development (our figs. 18-19) he shows is the beginning of the

preconch^dian invagination.

The gastrula invagination, according to his figures, begins before the preconchylian in-

vagination; but the latter exists before the completion of the gasti-ula invagination.

Horst's figures do not show any trace of a velum at this period, which is somewhat pecu-

liar, as he represents the oyster as so much moi'e advanced in its molluscan characters than

does Brooks, who figures the velum at the gastrula pei'iod. The early absence of the velum

in O. edulis may be connected with the brooding habit of that species, for in Pelecypoda,

' According to Hyatt (Larval Tlieory of the Orisriii of a process much shorter than is usual in embryos of the

Tissue, p. 156), in the fonnatiou of epibolic gastrula; embolic type. He accounts for the epibolic liastrula by

the growth of the ectoblast cells is so rapid that the endo- heredity and extreme concentration of development,

blast cells become enclosed, and the gastrula is formed l>y
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wliifh bi'ood the young, as Uiiio and Pisidium, the vehim is hig-lily reduced or wanting*.

Fi'oni Ilorst, we may gather the eonehision that the metemhryo (gastrnhi) stage in the

European oyster, fig. 17, is not a pure gastrula, but has ah'eady acquired by concentra-

tion of development, some of the characters which would normally appear later.

Professor Brooks says that the primitive blastojiore closes over, becomes the dorsal as-

pect of the emljrj'o and gives rise to the shell; the permanent mouth and anus forming

on the opposite side of the embryo and independent of the blastopore. This differs so

essentially from the observations of Dr. Horst in the European oyster and from those of

other investigators except Rabl, in the development of various groups of mollusca, that

we prefer to follow Dr. Horst's observations. Professor Brooks himself says (9), p. 70,

that the whole evidence furnished by comparative anatomy and embiyology tends to

show that the mouth, anus and shell-gland can be homologized perfectly in all the classes

of true molluscs and that they are not only homologous with each other, bilt must be

perfectly homologous also with similar structiu'es in the ancestral form of which the

molluscs are modifications. It is evident that these sevei'al organs would not be "'
per-

fectly homologous " if in one case the shell-gland arose from the closed blastopore and in

another from the opposite pole of the body, and the same would be ti'ueof the derivation

of the mouth and anus.

Dr. Horst in considering the development of the preconchylian gland^ sa3^s that when
the embryo is viewed from the side the glandular depression is seen as in our fig. 18, sZ;,and

in fig. 17 in optical section. During the further development, our figs. 19 and 21, a small

eK
i..(Z

FIG. 19. Fig. 20. Fig. 23.

DEVEI.OI'MENT OF OSTKEA EDULIS (AFTEIl HOUST).

Fig. 19. Embryo same stage as fig. 18, optical section
;

me, mesoderm ; d, primary gastrula iiivagiiiatiou ; sk, shell-

glancl.

Fig. 20. Embryo a day older, front view, with the prim-

itive mouth opening.

Fig. 21. The same embryo, optical section.

Fig. 22. Embryo a day older, with a wreatli of vibra-

tile cilia, a stomachic cavity and the beginning of a shell, s.

invagination is formed bordered by walls of high cylindrical cells with a narrow opening.

Considering fig. 19, lIoi-st says that the gastrula cavity has deepened, and behind the

mouth are cells, probably mesodermic. The blastopore continues to be very distinct, and
as far as he could ascertain, it did not disappear but remained and was transformed in-

to the mouth.

' The preconchylian gland was discovered by Lankester

(44) in 1871, and has been figured by him (44) in Loligo,

Aplysla, Pleurobranchidium, Limnasus and Pisidium. It

has also been observed and figured by Fol in a Heteropod

(see Balfour) ; by Rabl in Planorbis (see Clans) ; by

ButscUli, iu Paludina (see Claus) ; by Bobretsky, in

Nassa (see Balfour); by Patten, in Patella; by Brooks

in a pnlmonate Gasteropod ; by Hatschek, in Teredo ; by
Horst in Ostrea and in other genera by various inves-

tigators. This array of genera confirms the opinion of

Lankester that it is typical of all developing molluscs.
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Dr. Ilorst says that great changes take phu-e durhig farther growth of tlie embiyo.

The preconch} liaii gland gi-adually loses its primitive chai-actcr of a glandulai- invagi-

nation and forms a thickening of the ectoderm composed of long, conical cells, fig. 22, sk.

A thin, cnticular membrane secreted by these cells is the first indication of the shell, and

at this position in the adult the hinge is found.' ITorst maintains, therefore, that the

shell of the oyster originates as a single plate in accordance with the observations of

Brooks in Anodon and Ilatschek in Tei'edo.'^ Meanwhile in fig. 22 a body cavity has

formed by the separation of the ectoderm and entoderm, a velum has developed and the

gastrula invagination lias formed a spacious cavity in the base of which -is a diverticu-

lum, now closed, but which later communicates with the ectoderm and forms the poste-

rior part of the alimentary canal. The neoembryonic mollusc in our classification is rep-

resented b}' the trochosphere stage befoi-e the development of the shell-gland, Pi. xxm,
figs. 3-4. In the developing European oyster the shell-gland, according to Horst, orig-

inates early, closely following the gastrula invagination and before the formation of a

normal trochosphere stage. I think, therefore, that we must consider the neoembryo

stage as skipped in the oyster by the ovei'lai)ping of stages due to extreme concenti'ation

and acceleration of development.'^ Fig. 22, on the other hand, is the nearest approach to

the ideal typembryo stage that we have in the developing oyster (definition of typem-

bryo, see p. 291), The primitive gastrula cavity has not yet become connected with the

ectoderm b}' the secondary opening, the anus, as is ordinarily the case, but the existence

of the shell-gland, with the beginnings of the velum, entitles it to be considered as a

typembryo. The existence of these comparatively high characters in the young oyster,

at a period when the primitive oral invagination still retains almost its early simplicity

and no second alimentary opening has been formed, must be considered as strong proof,

of the highly concentrated development of this type.

Taking up Horst's account of the developing oyster again, he says that on the follow-

ing day (our fig. 23) the shell, which has grown very much, covei's a large portion of the

body. It already contains carbonate of lime, as shown by treatment with acids. Of
fig. 24, Horst says, the velum now forms a very distinct part of the body, which is al-

most entirely covered by the shell. The surface of the velum surrounded by a wreath

of vibratile cilia already shows in its centre a thickening which is the beginning of the

cephalic shield. An oesophagus in the shape of a funnel leads to a large, pear-shaped

'A horny plug, the product of the cells of the shell-

gland, has been described in Gasteropoda and Pteropoda

(Lankester (44), Balfour). The typical universality of

the shell-gland cannot be doubted ( note, p. 297) and the lig-

amentous union of the valves of Pelecypoda occupies the

precise position of the shell-gland. It seems reasonable

to follow Lankester's suggestion, based on Pisidium (43)

and homologize the horny ligament of Pelccypods with

the horny plug of embryonic Gasteropods and Pteropods.

To quote Lankester, "In Pisidium as will be seen from
" PI. IV, flgs. 38a and 39, the two calcareous valves do not

" make their earliest appearance in close contact one with
" the other. The central portion of the shell-gland is not
'

' concerned with them ; and since it is precisely that point

" which in the Gasteropods cited gives rise to a chitinous

"plug, may we not see in the ligament of the bivalve,

"which occupies so precisely the required position, the

" homologue of that production."

''The primitive shell in Cyclas and Unio has also been

observed by Investigators to begin as a simple, unpaired

cup.

'Lankester, in his article Mollusca (44), refers to

Horst's fig. 14 (our fig. 23) as the trochosphere stage. But

as the shell has not only considerably developed, but con-

sists of two valves, we think this figure is referable to

the class of Pelecypoda, a period later than the tro-

chosphere stage. Lankester's own definition of the tro-

chosphere is that at this period the embryo has not yet

acquired moUuscau features and is comparable to the

larval forms of many Chfetopod worms and other Coelo-

mata, which is not the case in the figure cited.
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stomach which communicates with the outside through the intermediation of an in-

testinal canal.

Our fig. 23 is distinctly the essential equivalent of Bi-ooks' figs. 88-42. Our fig. 24

again is i-easonnbly close to Brooks' fig. 44. At this last stage there are two well-devel-

oped valves, a stomach, mouth and anus, a ciliated foot and a large velum. In fig. 24 a

Fig. 23. Fig. 24.

DEVELOPJIENT OF OSTREA EDULIS (AFTER lIOIiST).

Fig. 23.—Eml)ryo at more advanced stage than fig. 22, Fig. 24.—Embryo still more developed; v, velum; oe.

side view, with shell more developed. oesophagus; st, stomach; a, anus; and kp, cephalic plate.

body is represented which, although Ilorst does not mention it, appears to be the be-

ginning of the adductor muscle of the valves. It is in the same position as that occu-

pied by the adductoi- in Ilorst's fig. 16, Brooks' fig. 44 and our fig. 25, p. 300.

I have descril)ed as the phylemljryo an early period of development (see section iii)

where, however, the class characters ai-e recognizable, and I consider figs. 24-25 as phyl-

emhryonic stages of the oyster. They have two equal valves and an anterior adductor

muscle, characters which render the embryo referable to the phylum or class Pelecypoda,

to which it properly belongs, although not referable to any known adult form.

The mouth and anus when developed arose in close pi'O.'^imity on the ventral border

of the embryo. Brooks' fig. 38, our fig. 23, which is a generalized characteristic of a mol-

luscan embryo. It is seeu in fig. 24 that the first adductor muscle develops anteriorly

and close to the dorsal margin of the velum. The retractor muscles of the velum and
liver then develop. The anus, from its early ventral position, revolves dorsally in the

plane of the valves (see Brooks' figs. 38-44). The intestine by interstitial growth
makes a single loop-like curve on the left side; this with some other slight changes

brings us to the stage, fig. 25, described by Huxley (26). Ryder (63), remarking on

this stage, notes that the intestine is already flexed on itself in much the same manner
as in the adult, though it does not extend as far anteriorly, and its position is modified

later by flexions of the stomach and oe80})hagus.

The shell of the stage, fig. 25, is symmetrical, equivalvular, and of about the period of

development of PI. xxiv, figs. 13-16, of the developing shell of this same species. The
mouth has yet no palps, a sac-like process of the stomach on either side represents

the liver, two pairs of muscles serve to retract the velum, and the single adductor muscle

closes the valves. Huxley observes that this early antei-ior adductor cannot be the

equivalent of the single adductor of the adult as it is on the ventral side of the alimen-

tary canal whereas that of the adult is on the dorsal side. He says that a second posterior
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adductor must be developed and this early anterior adductor lost in later development.

This was all that was known concerning the development of the adductor muscles of

the oyster Avhen I published my preliminary paper in which it was shown that two adduc-

tors exist at the completed prodissoconch stage.

A stage of O. virginiana of simihir age to our fig. 25 of O. cduUs has been figured

by Ryder (62). The valves were nearly disc-shaped, but flattened

at the hinge area. A ciliated velum existed, and as Ryder noted,

"the embryos appeared to be attached to the glass by a marginal

extension of the mantle over the edge of the lower valve, forming

a soil of lip," but they were not firmly fixed as "the embryos
swung to and fro." He did not succeed with later attempts in

getting similar attachments, and from my own observations I

have every reason to believe that the fixation was of a transitory

nature, not to be confounded with the fixation which young oys-

ters later acquire when they become fixed for life.

I have thus far coitsidered the early development of the oyster,

using facts observed hy other investigators. This is done in order

to malx clear the later portion of the emhryological development

and also to hring out some facts elucidating the development of
the group of Felecypoda. All later observations are my own, ex-

cepting where specially credited.

Between the stage fig. 25, and our next stage, PI. xxiv, figs.

1-2, there is a blank in the knowledge of the development of the

oyster. It has not been desci'ibed in the European species, and

all attempts to obtain it in our species hav-e failed. In artificial

confinement the oyster dies at this stage.

The next stej) in the anatomy which I have to consider is that

of the oyster when it has completed the prodissoconch growth

and just preceding the beginning of the dissoconch, or "spat

growth." This period is the last of the embryonic stages, using as bases of consideration

the structure of the soft parts and the hard as well as a comparison with a similar period

in other developing Felecypoda. In ni}^ preliminary paper (36) I showed the important

fact that the oyster at this stage has two adductor muscles, situated relativel}' to the ali-

mentaiy canal as they are in adult dimyarian Pelecypods. The specimen then figured

was from alcoholic material collected at Buzzards Bay, and the parts had conti'acted so

that some features were not successfully made out; the muscles however were rendered

clear by treating the specimen with dilute acetic acid, and thus dissolving the calcareous

shell. Living material of this age was obtained later growing on glass slides, so that it

could be studied -moi'e satisfactorily.

On the third of August, 1888, clean glass was put into a drain-pipe trap on the sand-

bar. The following day it was examined and a young oyster, PL xxiv, figs. 1-2, was

found attached. No spat growth had taken ])lace, but the embryo was fii-mly attached

by the ventral margin of the left valve. On dri^ ing a current of water forcibly over

the glass from a pipette it did not rock or move from its position, thus demonsti-ating

Fig. 25.

EMBRYO OF OSTREA EDULIS
L. (AFTER HUXLEY).

The phylembryo stage,

viewed from the left side, a,

ad, antciior adductor muscle,

which aloue exists at this

stage ; ?», mouth ; ce, oesopha-

gus; a, anus; i, intestine; si,

stomach; 11, left lobe of the

liver; v, velum; rs, ri, supe-

rior and inferior muscles,

which retract the velum into

the shell, sli; the hinge, ft, is

straight. Compare witli PI.

XXIII, figs. 7-11 of phylem-

bryonic stages of developing

Pelecypods, where as here the

hinge line is straight and the

anterior adductor alone ex-

ists.
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tho firmness of tlie fixation. As the oyster had been attached less than twenty-four

hours, the anatomy and shell hei'e represented must have been developed while it was a

free, unattached embryo. The fact that the embryonic shell is always fixed by the ex-

treme ventral margins only, is further proof that fixation takes place at the close of this

period.

The embryo was yellowish-green and lively, constantly extending and retracting

the mantle and gills and moving the palps. The imjiortant feature of the two adduc-

tor muscles was clearly made out as shown in PI. xxiv, fig. 1, viewed from the right side,

and in fig. 2, viewed from the left side through the transparent glass to which the em-

bryo was attached. The intestine wi'aps around the dorsal aspect of the posterior ad-

ductor, as in all later stages. A large, lobed, ciliated velum still exists and is situated

on the ventral aspect of the anterior adductor muscle, lying close up to that body. The
ciliated and lobed palps are situated close up behind the vehim. Club-shaped, tubular,

ciliated gills, PI. xxiv, fig. 1, also figr 6, with the tips not recurved upon themselves, exist.

The mantle border is broad and thick, bears no tentacles and is ca|)able of considerable

extension beyond the margins of the valves. Within the umbo of the lower left valve

was a rhytlimically, rapidly pulsating l)ody, as of a large l)lood-vessel. The liver forms

a large, light green mass in the uj^per part of the body and extending into the umbos.

About three and a lialf hours after the specimen was first seen a slight spat growth

had taken place along the venti-al margins of the valves. It was kept alive several days,

during which growth proceeded rapidly and was studied at intervals; PI. xxiv, fig. 3,

being three days older than figs. 1 and 2. We will now discuss this stage, which is of

great impoi'tance, both in the development of the oyster and related Pelecypoda as well.

The anterior adductor muscle of the early development, fig. 25, p. 300, is still existent in

this stage. Pi. xxiv, figs. 1-2, a, ad, but there is another muscle, the posterior adductor,

as Well. We have then the interesting feature of a monomyarian Pelecypod in its early

stages possessing two muscles, situated relatively to the alimentary canal as they are in

typical adult dimyarians. The anal part of the intestine revolves dorsally dui'ing the

early development of the oyster and the posterior muscle when formed must have origi-

nated on the ventral aspect of that oi'gan. If the posterior muscle had developed on the

dorsal side of the intestine it would always have retained that relative position as the

permanent anterioi- adductor of dimyarians does in relation to the mouth and oesophagus.

One of the striking characteristics of the ostrean prodissoconch is, that the umbos point

posteriorly as shown in PI. xxiv, figs. 1-2. This is contrary to the condition observed

in developing dimyarians, as in them the umbos point anteriorly, but an exception is found

in Nucnla, the embryo of which, according to Loven, has lunbos directed posteriorly. This

character of the umbos is discussed in its serial connections in section xv.

In Ostrea, fig. 25, indisputably the anterior adductor is first developed; also in Car-

dium, Modiolaria and Montacuta, PI. xxiii, figs. 9-11, inPisidium according to Lankester

(43) and in Anodon,^ PI. xxiii, figs. 7-8, according to Schierholz^, the anterior ad-

ductor is fii'st developed. I have found only two possible exceptions to the rule of the

' In the oiiiln-yo of Anodon, PI. xxni, tigs. 7-8, the first first formed adduetor is probably in part, at least, the be-

formcd addnctor muscle is in the larger side of the shell. sinning of the permanent anterior adductor as in the other

According to Schmidt's figure of a later stage, the larger Pelecypoda above considered,

side is the anterior end of the embryo. Therefore the ' Schierholz' paper, see Schmidt's reference list.

MEMOIKS liO.STON SOC. NAT. HI.ST., VOL. IV. 41
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anterior adcluetor l)C"ing developed fii'st. These are MN'tiliis and Unio. As the nearly re-

lated Modiola and Anodun lollow tliii rulethesu two genera may he eonsideix-d as excep-

tions, or ])erhaps illustrate eri'ors of ohservation us discussed in my preliminary paper,

(35), p. 535.

In Ostrea the mouth and anns develop ventrally, the anal extremit}' of the intestine re-

volves dorsally and the anterioi- adductoi- is developed. Later, the posterioi- adductor de-

velops on the ventral side of the intestine. When one compares this with the figures and

descriptions of the development of the above-mentioned genera (excepting jNIytilus and

Unio), together with the anatomy of the adults, it seems that there is a close uniformity

of |)lan. Tlie genera mentioned are not numerous, but they are taken from widely sep-

arate groups of Pelecypoda. There is then strong evidence in favor of the development

of the anterior adductor first iu Pelecypods as the typical mode, and the development of

the ])Ostei'ior adductor later, after the intestine has revolved into place, from its early ven-

tral position. This theoiy easily explains the conskint I'clative ])ositions of the mouth

and anus to the two adductors in the adults of dimyarians, or to the single adductoi-,

Avhere only one exists, as in monomyarians.

It is seen that there are two distinct stages of development of the muscles of the em-

bryonic oyster. First, a single-muscled stage, the early monnmyarian, fig. 25, p. 300,

pointing towards a ])roblemutical ancestor, which iu the adult condition had only one ad-

diictor muscle, and that one in the anterior portion of the body.' The second stage is the

two-muscled stage, dimyarian, PI. xxiv, figs. 1-2, pointing to an ancestral adult form

which had two muscles like the typical dimyarians. The figure of this stage shows the

early formed velum to be still existent, but it is not supposed that the early dimyarian,

adult ancestor ])ossessed a velum. It exists here ])resumably because of the lapping

over of stages, due to concentrated development, which is most marked in the early em-

bryonic develoi^ment of the oyster. The shell which covers these stages is continuous

in outline.

As stated, a velum still existed at this dinwarian stage, PI. xxrv, figs. 1-2. The long

vibi'ating cilia were in active motion and some motion of the velum as a whole was

noted; but it was not seen to extend beyond the margins of the shell. Attempts have

been made by Horst and Ryder (62) to discover the method by which the young oyster

attached itself to the object of permanent fixation and both investigators surmised that

it might have a brief byssal attachment. Ryder, in considering the fixation of the em-

bryos described by him,- thought that it was effected by means of the border of the man-

tle reflected over the edge of the undermost valve as shown in his figure. The nearest

approach to a foot known in the developing oyster is that shown in fig. 24, p. 299, and I

discovered no traces of a foot in my youngest specimens. As the byssus is an organ de-

veloped in the ventral poi-tion of the foot, the high reduction or almost complete absence

of that organ is in itself strongest evidence against the suggestion that the attachment

' It is possible tliat tlic first formed muscle does not - The fry described is comparalile in asje to my PI. xxiv,

point to an ancestral single-muscled Telecypod, in which (i^s. 13-lG, and is not to be confounded in its attacliment

only the anterior adductor was developed. It may point with the permanent attachment made at the close of the

to some muscle iu the primitive ancestral mollusc from prodissoconch stage, PI. xxiv, fig. 17.

which the Pclccypcda were derived, and which muscle be-

came the anterior adductor of the Pelecypoda.
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of the young oyster is eftected by means of a byssus of however shoi't a duration. Tn my
studies of the young of Avicula, Perna, Pecten and Anomia, Pis. xxvn-xxrx, it is shown
that a notch for tlie projection of the byssus, or foot, is marked in the dissoconeh sliell im-

mediately after the close of the prodissoconch stage. On most careful study no such indi-

cations of a byssal attachment were seen on the lower valve of attached oysters, and as

they Avere growing on transpareijt media, fullest opportunity was enjoyed to make such

observations. In view of the evidence it is therefore safe to conclude that the oyster does

not have a byssus at any period of its development. The j)reliminary fixation is probably

effected by means of the reflected mantle bordei-, as described by Ryder, and is then im-

mediately succeeded by a cementing conchyolin attachment of the extreme edge of the

lower left prodissoconch valve.

The fact that a velum, or swimming organ, exists up to the period of permanent fixa-

tion, accounts for the great reduction of the foot, because that organ is unnecessary while

the animal is provided with another locomotive organ, and is useless for progression af-

ter the animal is permanently attached. The reduction of the foot is clearly attributable

to disuse and a high degree of concentration of development. This is another of the cases

of extreme concentration of development seen so markedly in the development of the

oyster.

The gills of the young oyster, PI. xxiv, figs. 1-2, and fig. 6, consist of two rows of fila-

mentous appendages, one on either side. They are fixed to the body mass anteriorly,

but are free posteriorly, and are capable of considerable dorsal and ventral rotation.

Eight club-shaped filaments were counted in either row at this early stage. Each tila-

memt is ciliated and perforated by a tube which expands dorsally into a canal connect-

ing the tubes of the several filaments. The filaments ai-e entirely free and separate from

one another excepting on their dorsal border and are not bent back upon themselves on
their ventral margins as they^ ai-e in later stages. Each filament represents a hollow bag,

or pouch, in which the blood is aerated by water kept in constant motion by the active

cilia. This stage of development of the gills is exactly comparable to that figured in the

young of Mytilus by Lacaze-Duthiers (41). The condition is also comparable to that de-

scribed l)y Mitzukui-i in the adult of Nucula excepting that in that genus a pair of filif-

erous branchije exist on either side. After tracing the further development to the adult

condition in Ostrea it will be seen that the gills of the other Pelecypoda described are

only modifications of this simple eaily type.

V. Ostrea: Development of the Soft Parts.

The Spat.

At the close of the period just described, the young oyster enters on stages of growth
both in the soft and hard parts which are rapidly approaching the conditions character-

istic of the family to which it belongs. They are stages distinctly post-embryonic and

I shall consider them as the nepionic or babyhood stages.^

The young oyster, PI. xxiv, figs. 1-2, growing on a glass slide, was kept alive in a

' For a (lisciissiiiii ol' llir iKiiiK'iiL-laUiic of sialics vide suction 111.
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beaker of sea water for four days. "When twenty-four hours older thau the figures cited,

a good deal of spat growth had taken place; the velum had disappeared and the anterior

adductor was difficult to discern, but I think still existed in a position much nearer the

hinge margin than in figs. 1-2; the muscle had therefore revolved dorsally. The pos-

terior adductor had not changed much in its position; but the palps had revolved dorsally.

The animal was jellowish-green as on the previous day, and the mantle border was

wide and actively extended and retracted. The action of the parts was moi'e clearly seen

when viewed fi-om the left side through the glass to which it was attached than from the

right upper side. From this view many observations were made. The gill filaments at

the end of twenty-four hours were not yet joined to one another on their ventral mar-

gins as in later stages.

When the same specimen was foi'ty-eight ho si's older tlian PI. xxiv, figs. 1-2, no an-

terior adductor muscle was seen. The posterior adductor from its eai'liei" position had

moved ventrally so that it lay near the border of the prodissoconch valves. The palps

had revolved doi-saliy so that they were situated near the hinge line, but were directed

ventrally; a fact to be discussed later. I did not see the radial muscles of the mantle

visible in later stages, but the}'^ doubtless existed; no marginal tentacles were yet devel-

oped. The rhythmical pulsating body, noticed on the first day in the umbo of the left

valve, had disappeared or become hidden in the increasing liver follicles. No heart

was discovered on the dorsal border of the adductor, where it is later found. The liver

was greenish brown, not light green, as at first.

PI. XXIV, fig. 3, is from the same specimen three days older than figs. 1-2. The spat

shell has grown considerably, the posterior adductor has moved to a more ventral posi-

tion than it occupied foity-eight hours after attachment, and the palps have moved fiir-

thei' dorsally. The gill filaments are now connected on their ventral margins by ci'oss

connecting bars, and this is the beginning of the intricate system of cross connecting

network, characteristic of the adult ostrean gill. The filaments in young and adult

Pecten are joined by interlocking but separable cilia, similarly to those of Mytilus as

described by Peck, but the connection in Ostrea is a complete organic union brought

about by the concrescence of fleshy processes from the margins of adjoining filaments.

The cross bars begin to be developed between the filaments in the anterior portion of the

gill and from that region are formed posteriorly in a serial manner between successive

filaments. In oysters up to 2.2 mm. in height only a single series of cross bars exist

and those are on the ventral margin as in PI. xxiv, fig. 3. The ends of the gill fila-

ments in the spat, fig. 3, are recurved and joined by concrescence at their tips with the

recurved filament tips of the opposed gill-lamella. This is understood by comparing the

diagi-ams of the gills of developing Ostrea of this stage, PL xxiv, fig. 7, with those of an

adult Pecten, PI. xxiv, fig. 12. The contiguous surfaces of the direct and reflected

portion of the filaments ai-e not organically connected at this early pei'iod, so that each

gill-lamella represents a hollow cavity bordered by its filamentous walls and a condition

similar to this has been observed in adult Perna. The two gills arc of about equal size

at this period. Ilorst states that in young Ostrea edidis the gills are filamentous, joined

only at the bases and tips; and he compares this condition with Lacaze-Duthiei-s' (41)

well-known observations on Mytilus.
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"We will now consider an oyster, PI. xxiv, fig. 4, considerably older than onr last fig-

ure. Ryder (63) published a figure and description of an oyster somewhat younger

than this and yet older than my PI. xxiv, fig. 3. He compai'ed the anatomy of his fig-

ure with that of Professor Huxley's figure (my fig. 25, p. 300) and demonstrated serial

connections between these and the adult. PI. xxiv, fig. 4, illustrates a young oyster of

the spat stage growing on a glass slide, on August 6, 1888. The single adductor muscle

occupies a sub-central position similar to that of the adult. The palps have revolved

dorsally and assume a position intermediate between that shown in PI. xxiv, fig. 3, and

that charactei-istic of the adult, PI. xxv, fig. 12. They difler from the adult in that the

outer pair of palps forms a hood above the mouth which opens downwards and not as

directly forwards as in the adult. Both these differences are discussed by Ryder (63)

.

Four palps exist, but they are marked by few (five) furrows on their surface, instead of

a great mimber as in the adult. Ryder observes this diflerence, and says that though

few in the young he has counted over a hundred furrows on one side of the lower palp

of an adult.

The heart is situated in a pericardial cavity above the adductor muscle, as in adults.

From ninety to one hundred and ten heart-beats per minute were counted. This is a veiy

high number, as p]-oiessor Ryder (64) notes that in the adult the heart-beats probably

do not exceed twenty per minute. A large pulsating artery, v, passes to the mantle

border where it is confluent with the posterior tips of the gills, and lesser ramifying ar-

teries bifurcating frequently are spread over the mantle in every direction. These are not

shown in the figure as they would confuse other details. The blood corpuscles travers-

ing the arteries may be readily seen thi'ough the thin shell as indicated by an-ows and,

when the heart is beating rapidly, the blood may be seen returning to the heart through

the canals on the dorsal border of the gills. It passes out from these canals through the

foi-amina c and d, and also from between foramen d and a point neai-er the anterior tips

of gills. At d the afferent and efterent vessels are connected and though most of the

blood from the gills passes into the heart, some corpuscles may be seen joining the ef-

ferent current and flowing into the large artery, v, which supplies the mantle border.

This specimen growing on glass afforded excellent opportunity to study the gills.

The filaments of the two gills. A, A,' PI. xxiv, fig. 4, are connected by several rows of

cross bars, instead of only a single roAV on the ventral margin. (Compare with PI.

XXIV, fig. 5.) An oyster, 6 mm. high, was observed to have five cross filaments in the

larger gills. The two first gills originated simultaneously as far as known. They be-

gan as tubular disconnected bags, as described; by the concrescence of latei'al fleshy pro-

cesses and of the inwardly grown recurved tips of the filaments, their present form, which

is diagrammatically shown in PI. xxiv, fig. 8, has been built up. But this accounts for

only two gills and there are four in the adult; the development of the 'last two gills has

not been previously studied, though Ryder (63) states that in very young spat only two
are present. "When first studied on the sixth of August, the young oyster, PI. xxiv,

fig. 4, besides the two larger gills, A and A', had a third very short gill, B',on the right

side; but no corresponding, fourth short gill on the left side. The gill B' was continu-

ous along the margin of the adjoining gill A' for its whole extent. It originated from

the same base as did A' for the outer border of ^4' was first formed, the inner Ijordci- l)e-
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ing the reilectod jioi-tion and of later growth. This will be better understood by com-
paring the diagrams of the gills of Ostrea, figs. G-9, with those of Anomia, fig. 11, and
Pecten, PI. xxiv, fig. 12, where the origin and relation of separate gills and gill folds

are perfectly clear. The newly formed gill B' was composed of the same number of

filaments as was the well developed gill A'. In dissecting similar specimens it was
found that the tips of the filaments of the gill B' were already folded back upon them-

selves, but they are reflected outwardly instead of reflected inwardly (toward the median
line of the bod}') as is the case with the filaments of the first formed gills (again com-
pare with the diagram of gills of Pecten and Anomia). After an interval of two days,

a fourth gill, B, shown diagrammatically in PI. xxtv, fig 8, appeared on the left side on

the basal mai-gin of A. It began as a minute bud-like process and grew as already

described for gill B'.

In other specimens up to 4.75 mm. in height, a third gill, B', had begun to develop on

the right upper side as in PI. xxiv, fig. 4, but no fourth gill had yet appeared on the left

lower side. Oysters of 1 cm. in height had all four gills developed, but in dispropor-

tionate degrees. The right outermost was short, the right innermost long, the left in-

nermost longer still, and the left outermost (the last formed) very short, as in the

diagram, PI. xxiv, fig. 8.

First, it is noteworthy that those gills, which are to form the right and left outermost

gills of the adult, appear much later than the two innermost gills. Secondly, it is a re-

markable and interesting fact that a considerable time elapses between the origination of

the right outermost gill B' and the left outermost gill B. Stoliczka, in his "Cretaceous

Pelecypoda," on page 2, says, "I have examined one or two animals of almost every fam-

ily of the Pelecypoda, and in all I found that there are at least two gill-lamell;p present

on either side,—never a single one, though they are often unequal and one of them some-

times, as in the Tellinidae, nearly obsolete."^ The late appearance of the third and fourth

gills in Ostrea may have phylogenetic significance, but the irregularity of their ajjpearanee

is probably due to other causes, perhaps due in some way to the pressure exerted on the

parts as the oyster lies on the left side in its adopted habit of fixation.

Viewing our specimen from the left side through the glass to which attached, it was
found that the dorsal margins of the several gill-lamellfe Avere not superimposed; the

united borders of gill B' and the outer lamella of gill A! were near the middle line of

the valves. The reflected borders of A* and A united to form a margin nearer the ven-

tral edge of the shell than the previous gill margin. The outer lamella of^ and the new
gill B, when formed, made a united border still nearer the edge of the shell. The result of

this want of juxtaposition was that, when viewed from the right side, fig. 4, PI. xxiv, the

gill A looked much larger than A!, because it extended nearer to the margin of the

shell. In degree this was untrue, though as a matter of fiict A is somewhat larger

than jH. Dr. Pelsener, in his report on Lamcllil)rancliiata in the Challenger Reports,

gives a very clear figure showing the condition and relation to one another of the gill

filaments in a lai'ge numl)er of genera.

The course of the aliineiilary tract has been (raced in the young oyster by Pyder (03),

' According to Hall (Ifi), a single gill-lannlla. cciniposcd l)iicfly discusses Uie relations of the gills and classification

of si'iiaratcd filaments, exists on cither sidi- in Diniya. He on tliis Ijasis in I5nll. Mns, Conip. Zoijl.. Vol. xviii, 1S89.



PIIYLOGENY OF THE PELECYPODA. 307

but it. may not be amiss to repeat the observations as my specimens, growing on transparent

glass, were very clear. In I'l. xxiv, fig. 4, the dotted outlines of the alimentary canal are

those portions not visible from the right side, but seen when the oyster was viewed from
the left side through the glass microscope slide to which it was attached. From the

upper part of the hood-shaped palps a short oesophagus, ce, leads directly .into the stom-

acu, sf. The stomach, embedded in greenish-brown liver, has a circuitous outline espe-

cially on its ventral boi'der. The intestine leads from the posterior end of the stomach
and extends in a nearly dii'cct line to a ])oint half way past the adductor muscle. It then

takes a sharp bend and, returning on itself, curves and follows the dorsal outline of the

body; again turning Avhen near the umbos, it follows the outline of the body and passes

to the left of the oesophagus. It is then produced posteriorly in a curving line, passing to

the left at the two points where it crosses the earlier portion of its own track and emerges
from the liver mass just above the heart. It passes outside of the heart and wi'apping

itself around the adductor muscle terminates in close relation to that muscle. This

course of the alimentaiy canal is identical with that figured ))y Rydei* (60), in an adult,

excepting that in the adult the oesophagus is directed more anterioi'ly than in the spat.

The ffEces, of a peculiar, nearly horse-shoe shape,' pass from the intestine in small ])ai'-

ticles and arc carried from the cloacal space by the cxcurrent water from the gills

through the opening, s, PI. xxiv, fig. 4, formed by a sinuosity of the border of the i-ight

valve. All water from the body passes out through this opening, as indicated by arrows,

and the mantle is retracted to allow of its i)assage.

A special excurrent passage is characteristic of younger and older spat than the one

described (PL xxv, figs. 5-6) ; but no trace of it has been found in the adult. The sinu-

osity of the right valve is apparently due to the constantly I'etracted condition of the

]-ight mantle border at this point. It is constantly retracted to admit of the passage of

the excurrent water and being so retracted, as a necessary result, the shell is not built

at this area as i-apidly as at other places where the mantle is fully extended. It might
be considered that the peculiar excurrent opening was due to the mechanical conditions

inider which the oyster lives, an opening being necessary on account of the close rela-

tion of the shell to tlie object of fixation, and it is possible that this is the ease; but

against it may be ui-ged tlie fact that no such character is foinid in Anomia which is sub-

ject to similar conditions. I think that this excurrent passage and the correlated sinu-

osity of the right valve are of hereditary significance. Examiningthefossils, we findasim-

ilar sinuosity of the left and right valve characteristic in marked degi'ee of the genus
Gryphfca; it is also found frequently in Exogyra and in many fossil members of the Avic-
ulida;, from which last group the Ostreadte were doubtless evolved.^

As in the case presented, many peculiarities of the form of shells can doubtless be

elucidated by a study of the soft parts and life-habits of the animals. The byssal notch,

ridges of large siphonated forms as the Myida>, and siphoiiate processes of Gasteropoda
are examples of such characters, many of which are specially studied in this paper.

• The horse-slioe shape is the form of the cross sec- forms in the line of cvohition of the group. I do not
tion of tlie ficces and owes its origin to the peculiar form think this militatas against what is above stated. Osti'ea

of the intestine Ryder (00). has an excurrent sinuosity of the valves similar to tluit

'In section VII, it is stated that Grypha'a and E.-iogyraare found in Grypha^a and Exogyra, inall, inherited (if atall)

prolialjly aberrant members of the Ostreada', not tyi>ieal from far-oft' ancestral groups.
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The muiitle borders of PI. xxiv, fig. 4, are free througliout their extent, with the excep-

tion of a small area near the umbos, Avhere the borders of the two Iblds are confluent.

The margins are thickly set w ith tentacles which are slightly pigmented with black.

When undisturbed and quietly feeding, the mantle stretches out to the margin of the shell

on all sides and.even protrudes considerably beyond it. It moves actively, being constantly

retracted and extended by the radial muscles shown in my figure and described by

Ryder (63). The radial muscles are best seen from the left side when the spat is

viewed through the glass to which attached, as the lower valve is thinner and less pig-

mented than is the upper right valve. The marginal tentacles are constantly in motion,

being continually elongated and retracted. When elongated they are used with a tenta-

tive, feeler-like motion, and if irritated are capable of extreme prolongation. The gills

and palps move frequently and suddenly. The adductor muscle in PI. xxiv, fig. 4, is

seen to be composed of two parts, as is that of the adult, PI. xxv,fig. 12, and a condition

of the adductor similar to that of Ostrea is seen in Perna.

During later stages of growth the soft parts rapidly assume the form, structure and

position which they occupy in the adult, PI. xxv, fig. 12. The mouth parts are revolved

towards the umbos and the anus and adductor are revolved in the opposite direction,

towaids the free ends of the valves. The gills increase in complexity by the develop-

ment of cross partitions within the gill chambers, between the contiguous faces of the

direct and reflected portions of each gill lamella. These partitions form walls joining

gill filaments and separated from succeeding walls by eight or ten filaments not so joined.

Their existence gives i*ise to the folds characteristic of the adult oyster's gill. Large

water tubes are thus formed, each tube bordered by eight or ten gill filaments on either

side with their network of cross bars.

An epitome will now be given of the changes by which the adductor muscles of the

young oyster become transformed into those of the adult and the relation of these changes

to what exists in other adult Pelecypods is discussed. The embryo first passes through

an early single-muscled stage, fig. 25, p. 300, in which the single adductor is the equiv-

alent of the antei-ior adductor of dimyarians. This stage, as stated I believe, is a typi-

cal early stage of all Pelecypod embryos.^ Later, the oyster has two adductors, PI. xxiv,

figs. 1-2, entitling it to ancestral kinship with dimyarian Pelecypoda. Finally the ante-

i-ior adductor is lost, and the remaining posterior muscle is alone retained.

In the embryonic oyster, fig. 23, p. 299, the mouth and anus are closely approximated

on the ventral aspect of the body. Passing to figs. 24 and 25, pp. 299-300, the anterior

adductor muscle has developed, and the anus has i-evolved dorsally. In PI. xxiv, figs.

1-2, the posterior adductor has developed on the ventral side of the intestine, which

wraps around that organ as in later stages, and in all adult Pelecypods. In the last fig-

ures the velum, interposed between the anterior adductor muscle and the mouth, prevents

the mouth revolving dorsally as it otherwise might have done. Passing to PI. xxiv,

fig. 3, the mouth has i-evolved dorsally similarly to the anus, and lies nearer the umbos

than in previous stages. However, as noted by Ryder (63) in his studies, it still opens

downward and not as direetl}' forward as in the adult. In PI. xxiv, fig. 4, the mouth

lies still nearer to the umbos of the valves and from this stage to the adult, PI. xxv,
' Vide p. 280, and section xv.
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fig. 12, where it iinnediately underlies the umbos, and opens toward them is merely a

series of mechanical stages. Correlatively with the dorsal revolution of the mouth the

anterior adductor muscle has disappeared in the growing oyster.

In the dimyarian stage of the young oyster, PI. xxiv, figs. 1-2, the relative position of

the axis of the body to the hinge axis of the shelP resembles that of adult typical dim-

yarian Pelecypoda,^ PI. xxv, fig. 9, where the hinge is dorsal, free edges of the valves

ventral, the mouth and anus lying at either end of the equal valves, so that the antero-

posterior axis' is nearly parallel to the hinge axis. In the adult oyster, PI. xxv, fig. 12,

this relation is different. The mouth lies close up under the hinge line, marking this as

the anterior end of the shell. The fi-ee ends of the valves are at the posterior extrem-

ity, the gills lie on the ventral side, and the intestine on the dorsal.* The antero-pos-

terior axis passes nearly through the umbos and centre of the valves and at an angle of

about ninety degrees from the hinge axis.

To bring about the adult condition the antero-posterior axis has therefore revolved

through an angle of about 45° from the position it had in the dimyarian stage. In this

revolution the anterior adductor has disappeared and the posterior adductor has become

sub-central, thus occupying the functionally most effectual position. In other monomy-

arians, as Pecten and Anomia, PI. xxix, figs. 1-2, the mouth closely underlies the umbos,

which are in the median plane of the shell; thus the relations of the antero-posterior

axis to the shell are similar to those of Ostrea.

In heteromyarians, asMytilus, Modiola, PI. xxv, fig. 10, Perna, PI. xxv, fig. 11, and Avi-

cnla, a transitional series may be studied in which the relations of the axes are changed

from what exists in the typical dimyarians, such as Mya, PI. xxv, fig. 1>, to what we find

in the single-muscled group, as Ostrea, PI. xxv, fig. 12.

In the clam, Mya arenaria, fig. 9, the adductor muscles are at either end of the lon-

ger axis of the shell, the mouth lies close behind the anterior adductor, the anus over-

lies the posterior muscle and the umbos lie dorsally. The antero-posterior axis is nearly

parallel to the hinge axis. It is seen that in Modiola, PI. xxv, fig. 10, the mouth and an-

terior adductor have revolved dorsally, so that they lie nearer to the umbos than in the

clam. Similarly the posterior adductor and anus have revolved in the opposite direction,

and occupy a position much farther removed from the hinge line than in the clam. The

antero-i)osterior axis lies at an angle of about 25" from the hinge axis. In Perna epliip-

j)ium, PI. xxv, fig. 11, the mouth lies close up under the umbos, but the umbos are not

in the median plane of the shell. Xo anterior adductor was found, but it probably ex-

ists in closely related species.^ The posterior adductor and anus are still further re-

'The hinge axis refers to an ideal line drawn tlirongh rior end of the body has already been pointed out by sev-

the hinge area, and coinciding with the axis of motion of oral authors, and Hyatt (28) figures an oyster drawn over

the valves, as shown in PI. xxv, flgs. 9-12, inclusive. a clam to show their relations. Ryder (63), on page 787,

^I say resembles because the mouth does not closely un- notes the rotation of nearly ninety degrees tliat must take

derlie the anterior adductor muscle, as the velum inter- place from my fig. 25, p. 300, after Huxley, to bring about

venes, and therefore the comparison is not exact, though the adult relation of parts.

to all intents and purposes the comparison is perfectly ^Mr. Purdie, of New Zealand, notes that 3/v?i7hs JaiKS has

correct. no anterior adductor, while two otherwise closely related

^The antero-posterior axis, as shown in i'l. xxv. figs. si)ecies i)/. ei^w^fs, and .V. iHrtf/eHnniCits, have anterior adduc-

9-12, is considered as passing throngh the mouth and mid- tors. In M. lulus the loss of the anterior nuiscle is ac-

dle of the posterior adductor muscle and nearly or qnite companied by a movement of the one existing muscle

coinciding with the termination of the intestine. inwards, nearer the central plane' of the valves, where its

•The fact that the nml)os in the oyster are at llie ante- mechanical action is more ell'ectual.

MEMOIU8 BOSTON 80C. NAT. HIST., Vol, IV. 42
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moved from the hinge line than was the case with Mocliola, and the antero-posterior axis

hes at an angle of ahont 50" fi-om the hinge axis.

A revolution of the axes similar to that traced in oysters, and in the above serial groups,

may be seen in MuUeria lohata, PI. xxvr, figs. 5-7, a widely separate genus. Accord-

ing to Adams and other authors, it has two muscles when young; but, when fully grown^

one muscle. The anterior muscle has disappeared, and the posterior, which is retained,

lies in the middle lower portion of the shell, in a position closely similar to that of an oys-

ter. This case is particularly interesting, as the change takes place much later than in

the oyster; for the two-muscled stage is not an embryonic one, but is of a much later pe-

riod of development. In ^theria, a near ally, the two muscles are retained throughout

life, in a partially revolved position. Tridacna is another genus having but a single ad-

ductor muscle in the adult, and that muscle is the posterior. According to Woodward's

figure the single muscle is in a sub-central position and the posterior retractor of the foot

occupies its common point of insertion close to the dorsal aspect of the adductor. The

mouth and palps have revolved doi-sally so that they lie close up under the umbos as in

Ostrea, marking this as the anterior end of the valves, and a large byssus by which the

animal is attached is protruded through a notch in the valves immediately below the

umbos. The antero-posterior axis lies nearly perpendicularly through the umbos and

middle of the valves. The revolved position of the axes of the soft parts in Tridacna

is not accompanied by any marked changes in the form of the shell excepting the posi-

tion of the byssal notch. Allies of Tridacna are typical dimyarians and it is doubtless

dimyarian when young.

The theory of the revolution of the axes explains the changed position of the axes

and adductor muscles on purely mechanical grounds. It is found in widely separate

genera of Pelecypoda that the revolving of the axes is accompanied by a reduction and

final loss of the anterior adductor as it moves into a position close to the hinge area

where its mechanical action is slightly if at all effectual in closing the valves. At
the same time the single posterior adductor increases in size as it moves into a sub-cen-

tral position where its action is most effectual. The revolution of the axes in Pelecypods,

relativel}' to the axis (hinge) of motion of the valves, is therefore seen to be closely cor-

related with the reduction and final loss of the anterior adductor, together with the in-

crease and final exclusive retention of the posterior. This theory substautiall}' as hci-e

presented was published in my preliminar}' paper. While that paper was in press, a paper

was published by Dr. Benjamin Sharp in which he presents a mechanical theory for the

loss of the anterior and retention of the posterior adductor muscle in Pelecypoda, which

is quite similar to that of the revolution of the axes.

It is a very noticealjle fact that oyster spats attached to various foreign bodies do

not lie with their axes arranged in any special direction. Different individuals attached

to the same stone or shell, may have their axes at every angle of deviation, in the plane

of the sui'fjxce of attachment, as compared with one another. I have never seen them ar-

ranged with any reference to the resistance of i)revailing currents. On the other hand,

Auomias and Crepidulas are sensitive to prevailing currents. Large numbers of Anomias,

attached to a single block, will very commonly he found with their axes parallel and

headed one way (see discussion on development of Anomia, section xiii), and Crepi-
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(lulas, PI. xxrrr, fij?. 22, may be found piled on one another to the height of several inches,

each individual with its axes in the same vertical plane. These comparisons go to prove

what was claimed earlier, that calcareous fixation of the oyster's lower valve took place

when it became attached. It is almost certain that if any form of prehensile attachment

had existed for an appreciable time, we should at least occasionally find evidence of the

arrangement of the shells in the line of least resistance to currents.

YI. OsTKEA. Development of the shell.

In the study of the soft parts it is shown that the shell of the oyster develops from a

primitive structure, the pi-econchylian gland, which is found not only in other genera of

Pelecypoda, but in other classes of mollusea as well. According to Horst, a simple

unpaired-cuticiilar membrane, my fig. 22, p. 297, the product of the cells of the shell-

gland precedes the paired calcareous shell.

The two valves of an adult oyster are together homologous with the single valve of

adult Cephalous molluscs (see p. 281). In both, the shell originated from similar struct-

ures, one as a single and the other as a paired organ. The adult shell of Cephalous mol-

lusea is termed a conch. Therefore, in view of its homology and strikingly different

double character, I have suggested (36) the name dissoconch^ for the shell of an adult

oyster and similarly the same terminology is applicable to the shell of other Pelecypoda.

The protoconch of Professor Owen, in Cephalopods, figs. 1-8, p. 292 and PI. xxrn,

figs. 15-16, is the early cup-shaped shell which precedes the conch, or true shell. A spi-

rally twisted protoconch in Gasteropods,^ PI. xxiir, figs. 19, 21, 23, and a saddle-shaped

periconch (protoconch) in Scaphopods, PI. xxiii, figs. 13-14, may be also found as an

embryonic shell pi-eceding the conch or true shell of these groups (see section in). It

will be seen from the study of Ostrea that the true shell, that which characterizes the

adult, originates with the introduction of the spat stage, PI. xxtv, figs. 19-21 and PI.

xxv, figs. 1-7. The earlier shell, PI. xxiv, figs. 17-18, is strikingly different. It is the

com])leted vshell of the embryonic stages, and as shown in previous studies, it has devel-

oped from structures closely similar to those found in Cephalous molluscs. The embryonic

shell of Ostrea, therefore, is distinctly the homologue of the protoconch and periconch.

In the oyster, however, this shell is not single- but doxible-valved and, therefore, deserves

a distinct name. As it precedes the dissoconch or true shell, I have suggested (36) the

name prodissoconch^ or early, double shell, for the first-formed shell of the oyster. A
prodissoconch or embryonic shell, strikingly diiferent from the succeeding dissoconch, is

figured in this paper in many widely separate genera of Pelecypoda (see Pis. x:xiv to

XXX and cuts in the text) and it may be safely considered as characteristic of the class.

The shell of oysters, at different periods of growth, presents striking dissimilarities.

There are four well-marked stages of growth: (1) phylembryo, eai'ly embryonic stage;

equivalvular, with a straight hinge line; (2) completed prodissoconch, symmetrical fry

stage, with a curved hinge line and high umbos developed; (3) nepionic (spat) stage,

^Jctra6^, double; Kdyyrj, shell. ^ /7oo, before.

^ See footnote, p. 292, and discussions in section ou

Classiflcation of Stai;es of Growth and Decline.
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with a flat, lower left valve and convex, upper right valve; (tt) adult, flat, upper right

valve and concave, lower left valve.

The early prodissoconch or phylembryonic stage of Ostrea edulis is equivalvular, nearly

discoidal and flattened into a straight line at the hiuge area. On the hinge line, minnte

interlocking teeth are visible when viewed from the dorsal side. Embryonic shells of

Ostrea edulis of this stage are represented in PI. xxiv, figs. 13-16. They were removed

from the gills of the parent and sent out as pi-eparations by a London dealer in micro-

scopical suj^plies. The age is similar to fig. 25, ]). 300. The valves are saucer-shaped,

and aie marked by concentric lines of growth closely approximated dorsally, but farther

apart ventrally and anterioi'ly, so that the centres of calcification arc already pushed pos-

teriorly by the growth that has taken place, as seen in figs. 13 and 15, viewed from the

left and right sides respectively. By polarized light the shell gives the characteristic

lines of crystallized carbonate of lime. A straight hinge line seems to be characteristic of

the phylembryonic stage of Pelecypoda before the development of umlios (see section

xv). As examples, I Avonld refer to embryos of Ostrea, PI. xxiv, figs. 13-16, Anodon,

Cai'dium, Modiolaria and Montacuta, PI. xxiu, figs. 7-11, also to Hatschek's figs. 19-21 of

developing Teredo and Ryder's (62) figure of an embryonic Ostrea mrginiana.

The valves of the phylembryonic stage of Ostrea edulis, PI. xxiv, figs. 13-16, have

scarcely any umbos developed, whereas our next stage of shell development has promi-

nent nmbos. The completed prodissoconch of Ostrea virginiana, PI. xxiv, figs. 17-18,

has deeply concave valves which are nearly equal. The lower left valve is, however,

somewhat larger and deeper than the upper right valve, fig. 18. The umbos are highly

developed and are always inclined upward at a high angle, as the shell is invariably at-

tached by the extreme border of the left valve. The umbos are directed posteriori}^ as

shown in the studies of the soft parts, PL xxrv, figs. 1-2, and they invariably point to

the left of the observer viewing them from above, a necessary consequence of their be-

ing attached by the left valve.^ (For further discussion of the fixation of the oyster by

the left valve, see section iv.) Coincident Avith the development of high umbos, the

early straight hinge line, seen in the phylembryonic stage, is lost and is superseded by

one of a gentle curvature. The prodissoconch is the completed shell of the embryonic

free-swimming veliger period, and the young oyster becomes attached

permanently at the close of this period, the fixation consisting of the

soldei'ing of the ventral margin of the left valve to the object of sup-

port.

The completed prodissoconch of Ostrea edulis, fig. 26, differs from

that of our species, according to Horst. The umbos are less devel-

FiQ.TiT Completed oped than in our species, but they ai-e directed posterioi-ly. Teeth,
prodissoconch of Oatrea ^Iso, are mentioned on the hinge line at this stage and earlier by both

iier of left valve in aa Horst and Lacaze-Duthiers, whereas in our species no teeth have
almost upright position been obscrvcd by either Ryder (63) or myself. The histological
(a er ors ).

structurc of the shell, as described by Huxley and Horst, is similar

to that of our species. Specimens of Ostrea edulis kindly sent to me by Dr. Ilorst show

lunnistakably the teeth and other features described.

' I'rofessor Ryder informs me by letter that he has sought for umbos pointing to the right,

never seen an exception to this nor have I, though I have
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The prodissoconch of Ostrea virginiana is homogeueoas and laminar in arrangement,

"not prismatic" as in tlie immediately succeeding stages of spat growth as described and

figured by Ryder (G2). It is composed of lime infiltrating an amorphous matrix of con-

chyolin, as shown by treatment with acid. One of the marked characters of the prodis-

soconch is the uniformity of shape and size found in different individuals, it not having the

ostrean tendency to variability noticeable in later stages. The height of the fully de-

veloped prodissoconch is about g^ of an inch. The left attached valve turned over and

viewed from the lowei- side is seen to be exactly like the I'ight free valve in appearance.

It is not flattened nor are there other indications to mark where it was attached, so that

this attachment is evidently of a very superficial and delicate nature.

A prodissoconch identical, or very closely similar, to that found in Ostrea virgiiiiana has

been found in many species of the Ostreadas. Ryder (62) has obsei'ved it in four species:

Ostrea equestris, Say, from Florida; O. conchaphila, California; O. cucuUata, Viti Isl-

ands, Pacific; and O. peruviana, Peru. I have observed it in undetermined oyster

spats, from Cuba, and from the chamber of a Nautilus pompilius, from the Pacific. I

also found ostrean prodissoconchs in the following: the spats of tertiary oysters from

Carolina; Gryphcea vesiculuris, Lam., Cretaceous, found in both European and American

specimens; G. calceola, var. nebrascensis, M. & H., PI. xxiv, figs. 23-24, from the Juras-

sic of Wyoming Territory, specimen number, 1881, U. S. National Museum ; Exoyyra
conica, Cretaceous, Europe; E. columba, Lam., Cretaceous, Europe; JE. arietina, Creta-

ceous, America; and E. costata, Say, Cretaceous, America. Of this last species abun-

dant very young specimens, which I collected at Delaware City, Delawai'e, showed the

ty])ical early prodissoconch.

From the number and wide distribution of the species, it cannot be doubted that the

prodissoconch found in Ostrea virginian,a is characteristic of the Ostreada3. The teeth

noted above in the prodissoconch of O. edulis is the most striking difference that has been

found in the prodissoconch of the family.

There is, in the prodissoconch and spat stages of the oyster, an oi'ganic eonch3'olin at-

tachment of the shell itself, thus described by Ryder (62) : "The cementing material

seems to be the oi-ganic matrix of the shell which forms a perceptible layer on the out-

side of the valves, and which constitutes the epidermis or periostracum of the oyster."

In the prodissoconch, as well as spat stage, the cement is so firm that, as Ryder saj's

(62), the shell may be broken before it can be removed. To prove that this is an organic

cement, if we put a drop of water on a dead, young shell and allow it to remain a short

time, it can be readily picked up on the point of a knife. Quite large spat may be re-

moved when dead («. e., the organic matter inert) by soaking or boiling. Treatment

with acid, on the other hand, does not loosen the hold of the shell. Quantities of young
spat die during the summer, yet few dead shells are found on cultch, because soon after

death the organic cement decays, is dissolved, and the shell falls off". Professor Huxley
notes that the Eui-o])ean oyster separates naturally from unfavorable objects of suppoi-t;

and that the separation takes place naturally at an eai'ly stage can be seen mai'kedly in

many fossil membei's of the family. Couversel}^, the calcareous ping of Anomia, Avhich is

fixed to the object of support by a purely calcareous union, remains indefinitely after the

death and separation of the individual to which it belonged. All the evidence is there-
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fore in favor of the assumption that the cement by which the oyster is attached is wholly

organic.

With the introduction of the spat stage, a fundamental histological difference arises

abruptly in the structure of the shell of Ostrea virginiana as in O. edulis, fig. 27. As
stated abo\a», the prodissoconch consists of lime infiltrating an amorphous matrix of con-

chyolin, but in the initial spat stage the fii'St layer of shell of the right valve is deposited in a

"tessellated or prismatic" manner in a horny matrix, as desci-ibed and figui-ed by Professor

Ryder (62, 64) . Soon after the formation of the spat stage, the subnacreous, white por-

cellanous layer begins to be deposited on the yellowish-brown, prismatic layer, first mak-
ing its appearance as ii-regular blotches in the centre of the valves. These two layers con-

tinue throughout the rest of the life of the oyster, and togethei-, though in disproportionate

degree, build up the massive adult shell. The prismatic layer always remains thin, as may
be readily seen by sections, or by treating an adult with acid, when the remaining conchy-

olin of the prismatic layer will separate from the overlying subnacreous layer like a dis-

sected skin.

It is a remarkable fact that in

young Ostrea virginiana
,^
the

prismatic sti'ucture is typical of

the upper right valve alone; the

lower valve presenting a fine

gi'anular structure, as in O. edu-

lis, fig. 29. In later life in Ostrea

virginiana and some other spe-

cies, a very thin layer of pris-

matic tissue may be found in the

left valve though it is for the

most part eroded away, but the

same layer is thicker and there-

fore better preserved in the right

valve. The prisms of the right

valve of the adult oyster are not

as perpendicular to the surface

as in the young, fig. 27. There-

fore in horizontal section the outline of the prisms presents oblique rather than hexag-

onal faces. A similai- obliquity of the pi-isms may be seen in Solemya mediterranea.

The nepionic or infant stages of molluscs begin according to the classification of

stages adopted with the formation of what Professor Owen called the apex of the conch,

or true shell. It is shown that the spat marks the beginning of the dissoconch (true

shell) in Ostrea; therefore the spat is considered as the nepionic period.' In my pre-

liminary ])aper I said the spat of Ostrea virginiana is divisible into five stages which were

described at some length. I also said that they are more or less clearly marked in every

Fig. 28.

I'lG. 2i Fig. 29.

Via. 27. Youns Ostrea edulis. The prodissoconch is composed of lio-

mogcneous and the early dissoconch of prismatic cellular tissue.' The

gills are filamentous.

Fig. 28. Fragment of border of upper valve, enlarged to sliow the

prismatic structure.

Fig. 29. Fragment of lower valve (after Uorst).

'The relations of structure of the prodissoconch and dis-

soconch are the same in Ostrea viryiiiiaiia, also in Perna,

I'ecteu and Anomia, as described in the text.

''In my preliminary paper this same period was consid-

ered as the "silphoiogic" period. In a footnote to this

p.iper Pi'ofessor Ilyatt has given up the use of the term

silphoiogic, and has supplied in place of it the term uepi-

onic {vide p. 290)

.
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regular growing, unworn, young specimen. There ai-e often well defined stages indi-

cated as arrests of growth in the early growth of the spat ; but I must retract the state-

ment that there ai"e typically five and that they are always more or less clearly marked in

regular, imworn, young specimens. Frequently no indication of later spat stages are

present, and they cannot be considered as constant. To remodel my conclusions and

statement: The spat stage in Ostrea virginiana, as a whole, is frequently marked by

stages of growth. Stages are characteristic of the earliest spat growth and as many as

five have been found, but often no more than two or three are indicated. To study these

stages specimens should be sought growing in protected places, as the wear of sand

and waves destroys their demarcation rapidly. Some spat found in the inside whorls of

dead Sycotopus shells and others, secured on glass in di-ain pipes and on inverted flower

pots, retained the markings clearly.

The spat growth begins along the ventral margin of the prodissoconch valves

PI. XXIV, figs. 18-21 and PI. xxv, figs. 3-4, and throughout life the most rapid growth

is in this direction. The growth rapidly pushes up the sides of the valves, and between

the hinge areas of the latter, PI. xxv, fig. 3, lifting them apart and separating them by
interstitial growth. A little to the right of the umbo of the lower, loft prodissoconch

valve, as seen from above, in the initial stages of spat growth, is a notch which indicates

the beginning ofthe cartilage pit of the lower valve. This is seen clearly in PI. xxiv, fig. 19.

It is necessary to describe the left and right valves separately. The upper, right valve,

PI. XXIV, fig. 20, is continuous with the prodissoconch valve and follows the cui've of that

stage though in a lessening degree. It spreads out laterally on the hinge line in a de-

scending curve, and on the margin overhangs the lower valve by a considerable amount,

PI. XXIV, fig. 21, as it continues to do while the shell is flatly related to the object of

fixation. The same oveilianging of the upper valve may be seen in young Pcctens,

PI. XXVIII, and Anomias, PI. xxix. The lower left valve of the young oyster, PI. xxrv,

fig. 21, starts as does the upper, following the curve of the early valve. When this curve

has been followed for an extremely brief period, the valve suddenl}^ flattens and becomes

closely i-elated to the surface of attachment. The result is, that a slight groove runs

around the border of the spat valve, beyond which it is abruptly continuous Avith the flat

later growth as mentioned by Ryder. I have, however, to note a peculiar and significant

exception. Sometimes, instead of becoming flat and closely related to the object of at-

tachment, the spat valve is continuously curved throughout its early growth, and not

at all flattened. It then i-esembles the upper valve in shape. This cui'ved shape is

held, as far as observed, only on rough objects of attachment. Seeking for such mate-

rial on rough stones and shells, one will always find some valves more or less curved in

their earliest stages. This is interesting, as showing the modifying influences of envi-

ronment on a very young stage, where heredity might be supposed to fashion the form

with overpowering force. Further notes on this character are given when discussing

Exogyra, section vii.

When the spat shell has attained the height of 0.8 mm. to 1.2 mm., frequently a well

defined stage or pei'iod of growth is marked by an interruption in the lines of gi-owth as

shown in PI. xxv, figs. 1-2. This indicates what is considered as tlie ch)se of the fii-st

nepionic stage. In the shell growtli succeeding the first nepionic stage the upper valve,
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fig. 1, is in form a continuation of the first stage. Tlie lower valve spreads out over the

object of attachment by wing-like extensions of its anterior margins, and makes a shoulder

on its anterior border by its increased growth, where it comes in contact with the outer

limit of the first stage, fig. 2, and similar shoulders mark the periods of growth of later

stages in the lower valve, PI. xxv, fig. 6. The lower valve may remain curved, as in the

first nepionic stage, for a limited extent. When the spat has attained the height of from

about 1.4 mm. to 2.4 mm., another stage is frequently marked by an interruption in the shell

growth as shown in PI. xxv, figs. 1-2, which illustrate the first and second stages of the

nepionic or si)at growth. After the second stage, as described, other stages ma}' be found

in the spat gi"OWth. They are marked as arrests in the regularity of shell growth and in

the lower valve shoulders are formed by their contact with earlier stages as shown on

the hinge border in PI. xxv, fig. 2. In all, five stages have been observed; but the num-
ber and the later stages cannot be considered as characteristic as the first two stages are.

After the close of the second spat stage the shell is still even and rounded in outline,

as the convolutions and distortions common in oysters do not often begin till growth has

considerably advanced. The lower valve spreads out over the object of attachment, and

leaf-like layers of shell deposition may be seen spreading beyond the limits of the hinge

line, as growth continues, as shown in PL xxiv, fig. 19, and PI. xxv, fig. 5. The upper

valve in regular growing specimens frequently departs from the foinn which is ob-

served in the earlier growth, PI. xxiv, fig. 20, and spreading out laterally becomes more

wing-like on the margin than in any earlier stages, PI. xxv, figs. 5 and 7. These wing-

like productions of the spat growth were pointed out and figured by Ryder (60). In

describing such stages he says: they are " .... handsomely rounded in shape, not

unlike a scallop in form, which they simulate still more by the lobes which they develop

on the shell on either side of the hinge." This scallop-like form, shown in PI. xxv,

fig. 7, is quite likely due to the irritating action of a foreign body on the extended mantle

border of the left valve, or it may be due to the opportunity to make more secure the

fixation by deposition of lime in this direction. In spat growth the free ends of the

valves often change the direction of their growth to the left or right of the median line.

Bjf this change the umbos may be revolved so that they often point in the opposite di-

rection from that which they would have otherwise assumed, as noted by Ryder (65).

A twist in the direction of growth as described is characteristic of the fossil genera, Bx-

ogyra and Gryphtea, in which the variation is always to the left of the median line viewed,

from above. The young oyster when it twists to the left resembles very much a young

Exogyra; but when the twist occurs in the opposite direction, or to the right, as fre-

quently occurs, this close comparison cannot be made. The right valve of the spat has

a sinuosity, si, PI. xxv, fig. 5, which is related to the excurrent flow of effete water as

described, p. 307.

Throughout the period of spat growth the young oyster shell has an approach to the

rotundity characteristic of the early spat stages. The attached valve is flat and the free

convex, but when the oyster projects beyond the object of fixation this relative form of

the valves is changed and the condition characteristic of the adult, PI. xxv, fig. 8, is

broiight about. The attached valve becomes deeply concave or spoon-shaped and the

free valve conversely becomes flat, as pointed out by Brooks and Ryder. At the close



PHYLOGENY OF THE PELECYPODA. 317

of the spat period if the shell does not project freely from the olijeet of fixation, then the

relative shape of the valves characteristic of the spat is retained, the attached valve still

spreading over the support, is flat, and the free valve is convex. In such forms the true

spat jjeriod is marked as a smooth rounded convex area at the umbos.

In yonng Ostrea virginiana spat, as noted by Ryder (GO), bands of purple color I'adi-

ate from the hinge line, widening toward the free edges of the valves; but these colora-

tion bands are in the prismatic layer and are therefore limited to the upper right valve.

In none of the oysters growing on glass, have I seen coloi- bands in the lower valve,

which is nearly or quite white; in later growth, however, faint traces of color bands may
be occasionally seen in the left valve. I found spat in the living chamber of a Nautilus

Poinijilius, when unpacked on arrival from Singapore, and these are similar to the spat

of 0. virginiana, showing similar prodissoconchs and nepionic stages, but no coloration

bands, the upper valve being yellowish-white. The eai'ly sjiat growth of Ostrea edulis,

fig. 27, p. 314, is very similar in foi-m to that of 0. virginiana, PI. xxiv, fig. 20, but I

have not had specimens for a comijarison of later stages.

YII. Gryph^a, Exogyra and Adult Ostrka, with a Consideration of the
Mechanical Origin of the Ostrean Form of Shell.

The genus Gryph^ea is described as free or attached in the young, yet I have not

been able to find a species in which it is free at a very young stage. All the species

studied have a flat area in the lower valve and a curved area in the upper valve at the

mnbos, corresponding to the condition found in the attached spat stage of the oyster.

G. arcuata of the Lias is commonly considered as free, yet I have found well preserved

specimens, PI. xxiv, fig. 22, in which the lower valve is flat at the apex, where it was
attached when young, and correspondingly the upper valve has a small convex area at the

uml)o, as noted by Sowerby. Flat areas of attachment have also been found at the umbos
of two other highly arcuate species, namely, G. calceola, var. 7iehrascensis, M. & H., PI.

XXIV, figs. 23-24, from the Jurassic of this country, and G. 'pitclieri, Morton, from the

Cretaceous of Texas.

The area of attachment in many species of Grypha'a is uniform in size, indicating that

the shell dehisced at a very definite period from the object of attachment. In fact, highly

arcuate forms must have separated early, as the involute form could not have been de-

veloped unless the shell was free. Other species were attached for a very variable period,

as is seen by the differing size of the flat area of the lower valve and corresponding

curved area of the upper. This is well shown in any large collection of the Enro])ean

form of Grgphrea vesicularis from the Cretaceous, where the arcuateness of the adult

varies invei'sely as the length of period of attachment.

Exogyra, also, is said to have been free or attached; but here the case is somewhat
more comi^lex. Take, foi- example, the typical E. costata. Say, of the Cretaceous. Spec-

imens are found in which a flat area at the apex of lower valve distinctly shows them to

have been attached when young, but rarely are adults found with the object of eai-ly fixa-

tion still clinging to them, showing that as in Gi'yi)h;ea and many oysters, tlu'y sepai'atcd

naturally. Other specimens are found which, upon most carefid examination, sIkjw no
MEMUIUS BOSTON SOC. NAT. HIST., VOL. IV. Jj
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flattened area on the lower valve. I have noted that Ostrea maj' in its eai-ly nepionic

period he attached, and yet not conform to the ohjeet, or hecome flattened at all, sothatif

it could have separated at the close of this period, the adult would show no sign of early

fixation. This is what ap])arently took ])lace in specimens of Exogyra which show no
flat area. In such thei-e is no proof that they Avere not fixed during the young stages,

hut merely that they dehisced hefore the shell conformed to the outline of the ohjeet of

support. Some individuals may he attached for a consideiahle extent, and a specimen in

the Amei'ican Museum in New York has an area of attachment measurins: 11 cm. in its

greatest length. This species is also very variable in the degree ofcostation. Agedspeci-

mens, as noted and figui-ed by Whitfield, often lose the ridges and become quite smooth.

I have seen many specimens in which the lower valve was first smooth, then costate, and
later smooth again, or the reverse of this order. In a large collection one may find every

gi-adation between the highly costate type, known as Excxjyra costata, and the smooth

type without costations known as E. ponderosa,^OQmi^v. The relations of these spec-

ies is about the same as that which exists betAveen Ostrea virf/iniana. Lister, and O.

horealis, Lam., which Vcrrill unites under the former species, as he says the}' may easily

be connected by all sorts of intei-mediate forms.

In the Ostreadse there is a stiiking peculiarity of the adult which has not been con-

sidered in its full significance, so far as I am aAvare. The two valves are unequal, one

heing concave and the other flat; hut they are not only unequcd, they are very dissimilar,

as different as if they helonyed to distinct sjjecies in what would he considered tyjjical

forms. This character of the shell is due, I believe, to the mechanical conditions of di-

]-ect cemented fixation acting upon a Pelecypod shell, and is of great value in consider-

ing the systematic relations of attached groups as I shall attempt to show in the follow-

ing pages.

As examples amongst the Ostreadse, showing dissimilarity of the tAvo valves, Ave may
take Ostrea edidis of Europe, O. compressirostris, h-om the Eocene of this countiy, and

Exogyra costata, from the Cretaceous. In these species the loAver valve is plicated,

and the u|)per smooth, and i-egular-groAving, without plications. The examples could be

multiplied extensively, but these sutRce to give my meaning. In consulting Coquand's

finely illustrated monograph of Cretaceous oystci'S, examples of this difierence of the tAVO

valves will be found in many species. This is a highly interesting feature, as it is a case

of inherited or acqimxd characteristics, finding very different expression in the two valves

of a group heJonging to a class tyjncally eqitivalvidar. As might be exjiected, A'ariations

fi'om the rule are occasional as in Ostrea marshii, 0. larva, etc., Avhere the tAvo valves are

more closely alike. Dissimilarity is ncA'ertheless the rule. The u])per valve may bear

characteristic features not found in the lower A'alve. As an example Ave may mention

Gryjjhcea vesicularis of the Ci'etaceous, in Avhich the upper valve in both European and

American s])ecimens is marked by radiating depressed lines. Similar radiating lines

may be found in Ct. dilatata fi-om the Jurassic, and indications of them have been ob-

sei'A'ed in other si)ecies. These lines are a feature which Avoidd probably be of value in

tracing the serial connections of the several species possessing them.

The ditferences in the tAvo valves may be observed in species of Spondyli, especially

those in which the right, attached valve is very ostreafoi-m. Avhile the ii-ee, left valve is
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less modified, as shown in Spondiilus lupparltaruiu, d'Orlj., PI. xxvi, fig. 1. We would

also refei- the reader to M. d'Oi'biguy's plates 450 to 461 of Ci'etaceous Spoiidyli, es-

pecial attention being called to his figures of 8. histrix, Groldf., in which the attached

valve is rough and o-streaform, whereas the free valve is evenly jilicated and smoother.

Striking differences in the features of the two valves may be seen in the Rudistae as

shown in BadloUtes fleiirlausa, d'Orb., PI. xsvi, figs. 11-12, in which the lower at-

tached valve is irregularly cornucopia-shaped, whereas the upper free valve is compara-

tively regular growing, flattish and plicated. The young of this species and several

species of Ilippurites studied resemble an Exogyra (compare the figures cited with the

adult and young of Caprotina semistrlata, PI. xsvi, figs. 10 and 20). Because the young

of these aberrant forms resemble an Exogyra, I do not wish to imply any genetic connec-

tion with that group. I state later, p. 322, the conviction that the ostrean foi-m is in-

duced by the condition of fixation, and the similarity to an Exogyra in the young of the

Rudistae and Chamidaeis believed to be due to the similar conditions of a fixed cemented

habit common to both groups, and not as exjiressing any affinities. This is a point which

must be understood, as in this paper high importance is attached to the form of young

shells in tracing genetic relations.

Al)errant forms of the Cliamidae are shells which show in a liigh degree differences

in the attached and free valves. Caprinula holssiji, d'Orb., PI. xxvi, fig. 8, from the

Cretaceous of Europe is a remarkable form; the attached valve is deeply conical with

perpendicular rugae ,whereas the free valve is spirally twisted, without plications and re-

sembles a typical Diceras, Caprotina semlstriata, d'Orb., PI. xxvi, fig. 10, is aiiother

form not less remarkable in the striking dissimilarity of the two valves. In this species the

attached valve is arcuately conical with perpendicular rugae and showing at its base a

spirally twisted tip as in Ridiolites, PI. xxvi, fig. 12. The free valve is of a simple con-

cave form, not at all aberrant and not presenting the rugae seen in tha attached valve.

A very young specimen of Caprotina semistrlata, PI. xxve, fig. 20, was found attached

to the base of a colony of this species in a specimen in the Museum of Comparative

Zoology. Tills young Caprotina resembles an Exogyra, taking for comparison a young

E. costata or an adult E. spiralis, Goldf. The attached valve is highly twisted and the

free valve convex showing little twisting as in Exogyi-as. The specimen was too much
worn to show lines of growth, but in the figure they are inserted where I think they

would appear if not eroded, in order to I'ender the form and its relations to the adult

clearer. That they are fairly represented will be evident upon a comparison with similarly

twisted shells where they arepreserved. As the attached valve in Caprotina, Pi. xxvi,

fig. 20, gi'ows from its early twisted condition to the deeply conical condition found in

the adult, PI. xxvi, fig. 10, the lines of growth gradually and progressively assume a

more and more hoiizontal position until in the adult they are nearly or quite hoi-izontal

and the attached valve has lost the twisted condition characteristic of the younger stages.

The outgrowth from an early twisted condition of the attached valve to an adult deejily

conical condition, as just described, doubtless took place in the development of Caprinula

hoissyi, PI. XXVI, fig. 8, and the change may be seen in Monopleura marcida. White, Pi.

xxvi, fig. 9. In Dr. White's paper (74) the same feature and the modification of at-

tached shells are veiy well shown in man^^ species.

Our examples of differences in the two valves amongst attached Pelecypods might
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be carried further and for such inquii^ we would refer to published wor]c8 on eonchology

and ])ala'ontology. Believing that the ineqiiivalviilarity of the a1)ove genei'a is due to

the eondition.s of environment aeting on a bivalve shell, I would refer to species of at-

tached Bi'aehiopods in which is fonnd further pi'oof of the correctness of the conclusion.

Davidsonella rugosa, PI. xxvi, figs. 14-15, the Cretaceous, is soldered to an object of

support by tlie lower valve, and here, as in the above cases of Pelecypods, the attached

valve, which is rugose and concave, is strikingly difterent from the upper valve which is

flattish and smooth. The same feature is shown in species of Strojjlialo.sia recently dis-

covered a]id shown me by Dr. Beecher. Productus proboscideus of the Carboniferous

has a tubular highly modified attached valve and a nearly noi-mal free valve'.

In the various genei'a considered, tlte free valve is fhat tckich is least modified and
nearest resemhles tlte form existing in liotli valves of less aberrant related genera. It is tJie

attached, cemented vedve, whicJiis higldy modified and so much so as by itself in some
eases to be with difficulty recognizable as belonging to the Pelecypods.

In the shell of Ostrea virginiana, PI. xxvi, fig. 13, there are lenticular cavities in the

hard subnacreous portion which ai'e filled with a soft, white, chalky deposit. These cav-

ities are also noticeable in many fossil oysteis and Gryphjeas. In Exogyras they are com-
monly very large and abundant, especially near the innbos where shell giowth tal<es

place rapidly and to a great thickness. lExogyrei costcda shows these cavities well, and

they are highly developed in EoLOgyra aqiiila, Goldf. and E. ecvlcni, d'Oib. ficni the

Ci'ctaceous of Europe. Not infrequently the cavities in living and fossil shells will be

found filled with mud, and in such cases it is evident that the shell roofing was formed

to include the mud; being caused by the irritating action of that substance on the over-

lying mantle. Specimens of 3Iya arenaria, which have included mud in this fashion

aie frequent, although this shell never builds true camcrated structure. The shallow

chambered structui-e of the oyster was noticed by Professor Owen (50, 51) and was
compared by him to similar conditions in the shell of Spondylus, ^theria and some
univalves. Professor Woodwaid (77) compared the structure of the oyster also with

camerated structure in species of Teiedo and Capi'inella which he figui-es. This last

genus is remarkable for the regulai'ity and size of its chambers which truly I'csemble

analogous structures in Cephalopods. Owen (50) notes the fact that Spondylus and
other bivalves, which have camerated structure, are cemented to extraneous bodies by the

shell. I have not made an extensive study of this subject; but what has been made,

leads to the conclusion, that this statement may be safely reversed and we may say,

that livcdves icfiich are amented hy onevcdve to extraneous hodies have a tendency to jtro-

duce ei ceimer(ded structure of tlie shell which is not found in free forms. Thin shelled, ce-

mented Pelecypoda, such as Dimya, quite likely would not show cameration, but amongst
other groups it is geneial, whereas no free lococomotive foi'ms of Pelecypods, however
thick the shells, have been found to jjossess such structui'e.^

'In the developing shell of Vermetus radicula, fig. 9, 'It is important to notice that fossil corals of the Tet-

p. 2i)4, I have observed in well-preserved specimens that racofoUa type have a highly developed camerated strnct-

the shell is evenly spiral and regular growing while young ure. So similar is their appearance in their regular cham-
and unattached. As soon as attached, however, the ir- bering that they may often be comjjared to cliambered

regular loosely spiral features characteristic of the adult Cephalopods esiiecially of the Cyrtoceras type which they

are introduced and are retained throughout subsequent simulate by their arcuate form. They also bear often a
growth. striking resemblance both iu external and internal form to
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111 adult Ostrea virginiana, the left valve is concave, and the right flat, when grow-

ing naturally, the left valve being lowermost; and Kyder notes that the same i-elative

shape is held by oysters which grow vertically in crowded beds. Oysters frequently

attach themselves to the lower side of objects, so that the left valve is uppermost, and

right valve lowermost, the reverse of the common position, PI. xxv, fig. 8, and here

again the normal relative shape of the valves is maintained, the left valve concave, the

light flat. The shell of the oyster is so variable that we should expect it to be especially

susceptible to varying conditions of environment; yet these strikingly diff'erent positions

produce no change in the resulting form. Whatever the cause of the typical form of

the group, the changed relations brought about by inversion, or other positions assumed

by the growing valves, are insufficient to modify greatly the form of a modern individ-

ual, where hereditary or other influences bind the shell within the limits of its typical

form.

Professor Hyatt (29) has published the view that tlie aliaclied supported valve of flxed

bivalve shells is the larger, the element of gravity being the active factor according to

his ideas, and he asci'ibes the form of the oyster and similar shells to such conditions of

environment. My conclusions on the form of attached Pelecypod shells, although some-

what similar, differ from those of Professor Plyatt. The conclusions, as presented in

these pages, are that the form of fixed Pelecypoda is due to the conditon o? cemeyited fix-

ation; whereas his assume that the form of inequivalvular bivalves is due to supp)ort,

the shell being free or not as the case may be. The two views are therefore based on
different grounds of consideration, which should be borne in mind in a comparison of

our studies.

The family of the Ostreadaj is characterized throughout by being attached, at least

when young, by the left valve, as shown in PI. xxv, fig. 8, and PI. xxvi, fig. 13. The
left attached valve is typically, deeply concave, of rough, irregular growth and com-
paratively thick. The right free valve, on the other hand, is flat or flatfish, thinner,

and less irregular. To pei'ceive the truth of this statement it is necessary to look over

a collection of the Ostreadae, or in default of it some of the illustrated monographs, as

Coquand's or White's. It will then be seen that all typical foi'ms are referable to this

description in a more or less marked degree. I say more or less marked, because some
sjjecies, especially among the Alectryonia division, have right (fiee) valves which are

comparatively like the left valves; but on cai-eful study one finds that it is only a matter

of degree and that they are actually less concave and generally less irregular than are

the left attached valves.

The systematic position of the family to which the oyster belongs has long been a per-

plexing problem to the naturalist; the asymmetry and irregularity of the valves has

rendered them a group difficult to characterize and of uncertain systematic position.

The late Mr. Tryon in his work on Conchology says: "The union of the Ostreidre

the attached valve of Hippurites. Culccola sandalinn, an eration strongly recallins; the similar strncturc induced in

opcrculated coral, has a deep thick attaclied valve and Pelecypods l)y the contlition of cemented fixation. Wood-
flattish thinner free valve; bearing thus considerable ward (77) suggested that septa and otlicr forms of cam-
analogy to the ett'ects produced in bivalve molluscs by eration in Molluscs are induced by the mechanical necessity

cementation. Beatricea, a fossil of uncertain affluities, of cutting oil' the rear unoccupied portions of the chamber
has vvell-marked camerated structure. In all these at- of a shell as the animal is urged forward by the growth
tached forms there Is an irregularity of growth and cam- taking place on the free edges of the living chamber.
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and PectinidiT?, as proposed by the authors of the 'History of British Molliisca,' has not

proved satisfactory. The genus (3strea stands quite ahjne, and distinct from all the Pec-

tinidae in the structure of its gills, which are like those of Avicula, and by resting on

its left valve. Tiie shell also is more nacreous than that of the scallops." Another

leading naturalist, 1 )i'. C. A. White, in a recently published monograph of the Ostreadse

of North America, says: " To Avhat primary cause this asymmetry among the Ostreidae

is due, it is, with the present limitation of our knowledge, impossible to say; but it is

certainly a characteristic of the whole family, including all its genera and its fossil as

well as living forms."

My studies of the Ostreadae, and other Pelecypoda as well, have brought me to a con-

clusion in regard to the origin of the peculiar forms we have here to deal with, which

is that the ostrean form is due to the conditions of a direct cemvited fiiorition, acting

wpon a Pelecypod shell. Given such conditions, and a closely similar form is the result

in widely separated genera of this class, as I shall attempt to show. The form which is

claimed as the result of the conditions of direct, cemented fixation is a concave attached

valve; a flatter free valve, commonly much thinner than the attached valve; an irregu-

larity and asymmetry of growth tending to the displacement of characters noi-mally

found in near allies of the subject under consideration, and as a general thing a camer-

ated structure of the shell. The fullest modification in this line of variation is the

production of a shell in which the attached valve is cup-shaped, conical, or sub-cylin-

drical as seen markedly in the Chamidfe and Rudista?. In this group all the transitions

may be traced from a simple ostreaform or exogyi'iform shell to the most highly inaditied

conical type. A further result of the modified condition induced by fixation and which

I consider perhaps the most interesting of all, is the fact that the attached valve is the

most highly modified; the free valve being the least modified and retaining more of the

ancestral characteristics, encMing one through it to trace the genetic connections of the

group, evidences of ivMch may he completely eradicatedfrom the attached valve. If the

ostrean form is due to the conditions of dii'ect fixation, then all or nearl}^ all Pelecypoda

which have one valve cemented to a foreign body for a longer or shorter time should be

ostreaform or modified in this line of variation.^ First, fixed forms will be considered as

'The Rudista' are conical or cup-slaaped Pelecypods witli

a superticially marlicd radial syiniiietry. So striking is

the radial feature that they have been classed with the

corals or Cirrhipeds, and the term radial is combined fre-

quently in generic and speciHc names of the group.

Barrelia monnlifcra, described by Woodward (78), is

highly radial, and infoldings of its thin walls closely

resemble the radial septa of corals. In other animals

which are permanently attached by calcareous fixation as

corals, some worms, and Brachiopods, Cirrhipeds and

others we find closely comparable forms in which radial

symmetry is a marked feature. When similar forms are

built up on different lines of descent, thei'e is strong evi-

dence that common forces acting on all alike have in-

duced the resulting form.

I suggest the following as a possible explanation of

the cause of these markedly similar forms, and would

say that I have a great deal of evidence on the question

but it must be reserved for a future iiublication. The

e(inal impact of moving water on all sides of an attached

growing organism it seems would cause an equal effort

of resistance on all sides, and therefore induce an equal

growth on all sides, thus producing a form circular in sec-

tion at any one horizon and sub-conical, cup-shaped or glo-

bose in its entirety as are all the attached forms which we
are considering. To strengthen the walls of a round or-

ganism, the wall might be thickened by solid accumulation,

by vesicular formation or by perpendicular jjartitlons ar-

ranged at right angles to the supported wall. Snch me-

chanical supports are characteristic of attached Crelenter-

ates, Kndista\ Cirrhipeds. and some Vermes. As all sides

of the periphery of an attached organism are ecpially ex-

posed to food-supply, danger, etc., the organs, as tentacles,

nerve-centres and eyes, would gradnall}' tend to become

situated at all points on the periphery, or radially. It is

well known that the external parts of an animal are more

easily modified than the deeper-seated parts. It is also

known that the modification of deeper-seated parts may be
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proof of this lact and then special cases will be considered which show the relation of

cause and effect.

The genus Spondylus is attached by the right valve. It has a concave light valve,

flatter left and a highly developed camei'ated sti'uctnre. The growth is iri-egular,

spinous, uneven, and the lower valve is often highly ostreaform as shown in SjJondylus

Mpjmritarum, PI. xxvi, fig. 1. The group is called spiny oysters from the typical spiny

growth and ostrean form. In the Challenger Eeport, a species is described as Spondylus

ostreoides, Smith, so named, on account of the close similaiity to a small oyster, the

features of comparison being marked in both valves. Plicatula, a genus nearly related

to Spondylus and attached by the i-ight valve, is also highly ostreaform. This genus,

as is the case with the Ostreadae, becomes attached at the close of the prodissoconch

stage, as shown in PL xxvii, fig. 5, and the ostiean characters are assumed at that

period of development.

The ChamidfB as a grou]) are characterized by ostrean features, though departni-es

in degi-ee rather than in kind are seen in several genera. The genus Chama has typi-

cally a deep, iiregulai-, thick, attached valve and fiatter, thinner, free valve. A Terti-

ary species is named Chama grypheata, on account of its close likeness to the genus

Gryphfea. Chama constitutes one of the best proofs that the condition of fixation

causes the form of the valves, because some species are attached inditfei-ently by the

right or left valve, and in both cases the resiilting form is the same, a deep attached

and a flatter free valve. Chamostrea. albida, PI. xxvr, fig. 2, which is attached by the

right valve, is almost indistinguishable in external chai*acteristics from many forms of

Exogyra. The aberrant foi-ms of the Chamida?, as Caprinula, fig. 8, Monopleura, fig. 9,

and Caprotina, fig. 10, PI. xxvr, also similar allied genei-a, are forms which may be con-

sidered as exti'emes of variation due to fixation. The attached valves are deep and

mostly coi-nucopia-shaped, often highly irregular and asymmetrical, whereas the free

valves, though frequently modified, are yet not dilFerent from what is often met with

in genera of unattached Pelecypods. In these peculiar genera it is the free less modi-

fied valves and extreme young to which we must turn in studying the relationships of

the groups. In occasional species the attached valve is not deeper than the free valve,

which is the larger and deeper of the two. Such forms are exceptional, as in all other

progressively i)rij(liiceil from •vvitlumt inwards fexaniple

:

ilevelopment of internal from external skeletons in fishes),

or ce»tri]ietalhj as I would call it. To retnrn, if we have

an attachid animal that is round, with some organs ar-

ranged on the periphery (a very common case) , theu fur-

ther modification or development of such organs or parts

would tend to be produced cenCripcUdly or radially, for the

centripetal variation of a round form equally exposed to

modification on all sides, would, as a mechanical necessity,

be radial variation. In the Hydrozoa there is strong proof

of the correctness of this view. Pa,ssing from Photohydra

to Uydra, to the liydroid stage of Aurelia, then to the free

medusoid stage of Aurelia and other Discophores, we find

progressively a more and more perfect radial symmetry

built up ceutripetally. Passing to free swimming Hydro-

zoa, as the Ctenophores, radial symmetry is eradicated,

and an almost complete bilateral symmetry adopted by the

adult. A similar line of comparison may l)e made in the

development of corals. Cirrhipeds in the shell show a

very complete radial symmetry especially seen in Coronula.

Many permanently attached forms of bilateral classes of

animals assume a considerable degree of radial symmetry
and, conversely, many free locomotive genera of radiated

animals assume a considerable degree of bilateral symme-
try. As bilaterality Is a feature induced and progressively

built up by the conditions of free locomotion, it is believed

that radiality also is induced and i)rogressively built up

by Ihe conditions of permanent fixation with its attendant

intluences of environment.

Many animals are attached by more or less fleshy i)roc-

esses from the body, as Braehiopods by a peduncle and

Pelecypods by a byssus, but these do not adopt a round

form, as do those groups which are attached by a more

permanent calcareous fixation.
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fixed Pelecypods that I know of, the normal condition of a deeper fixed valve is main-

tained. However, the relative size of the fixed and free valves is a factor, which may be

subject to variations without impairing the general conclusions as to the effects of fixation.

The RudistiB is a group having an enormously developed attached valve of higldy

irregular growth and a flattish free valve. The fi-ee valve may be of a form similar to

that found in unattached normal Pelecypods, while the fixed valve is most irregnlai- as

shown in Radiolitesfleuriausa, PI. xxvi, figs. 11-12. Commonly, however, the free valve

of the RudistiB is radially plicated in the adult and diliers widely from any normal form

of Pelecypod shell. This extreme variation marked in both valves is accounted for as a

case in which the conditions of fixation have produced the extremes of modification

(see note, p. 322), alfecting the free as well as the fixed valve, instead of the latter

principally, as is the normal case.

Dimya is a genus of rare and little-known Pelecypods. The shell is irregular os-

treaform and attached by the beak of the right valve which is deeper and larger than the

other. We fail to see any important characters of anatomy (described in D. aryentea by

Dall) which would connect it closely with Ostrea to which it has been compared by

writers. From my view, whatever the alfinities, its ostrean form of shell is due to the

conditions of fixation.

The MuUeriacejG comprising the genera MuUeria, ^theria and Bartlettia is a divis-

ion of tUe Unionidaj, which in the adult condition resemble oysters. Mailerui lohata,Fai:,

is so remarkably like an oyster that it has been called the fresh-Avater oyster. In the

Monomyarian adult, PI. xxvi, fig. 5, the shell is rough and irregular, with a deep attached

and flattish free valve, and a specimen in the Museum of Comparative Zoology is indistin-

guishable in shape from forms commonly found in Ostrea vlrginiana. The shell as in

^theria, also has a finely camerated or blistered structure. The young shell of MuUeria,

PI. XXVI, figs. 6-7, is Anodon-shaped, equivalvular and dimyarian as desei-ibed by au-

thors. In this genus we have the important feature of an Anodon-shaped shell, losing

its symmetry and becoming irregular and ostreaform as soon as attached.

Hinnites is an important genus in our considerations. In the young it is free and pec-

teniform, but in the adult is attached by the right valve, is irregular and more or less os-

treaform. So close is the likeness to an oyster that in the synonymy of the genns it has

been named Ostrea and Ostracites. Hinnites cortesi, Defr., PI. xxvi, figs. 3-4, from

the Tertiaries, illustrates cleai'ly the characters found in the young and adult shell. We
will consider the two valves separately. In the young nealogic pei'iod the right valve,

fig. 3, is purely pecteniform. It has well developed ears, a deej:) byssal sinus, and an

evenly plicated shell which at this stage is nearly or quite equivalvular. At a definitely

marked period, as shown in the figure, the valve becomes attached to a foreign body by a

cementing fixation of the shell. With this change in condition, a most marked change in

form immediately takes place. The shell grows irregularly, losing the evenness and in

considerable degree even the existence of the plications marking its nealogic period.

While the early nealogic shell was but slightly concave and pecteniform the adult fixed

valve is deeply concave and highly ostreaform. The byssal notch, which is a marked

feature of the nealogic stage, is filled up and completely wiped out of existence by the

irregular osti-ealorm growth. The left five valve, Pi. xxvi, fig. 4, in the nealogic stage,
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is even and regularly pectenifoi'iii like the right valve. AYheii the right valve becomes

attached, the left valve affected somewhat by the same conditions loses much of the

regularity and evenness of marking characterizing its nealogic period, but it never be-

comes as irregular in growth and ostreaform as does the right (attached) valve. Hin-

nites is marked therefore by a byssated pecteuiform stage followed by an attached os-

treaform stage. The transitions described in Tlianites cortesii, I have also observed

in the living species H. gigantea, Gray, and H. sinuosus, Gmelin.

Ostrea we have shown becomes attached at the close of the prodissoconch period, and

the same is true of Plicatula (see section xi) ; as soon as attached both these genera, as

in Hinnites and MuUeria, assume the irregular ostrean form of shell, losing entirely the

symmetry in the valves of the early nnattached period.

Pernostrea, a Jurassic genns, is of interest in these studies. According to Stoliezka

the shell is "rounded or oval, solid, more or less tumid, inequivalve, the left valve being

in adult specimens attached; structure lamellar, resembling that of Perna . .

"

Again Stoliezka says: "This genus forms a connecting link between Melina (Perna)

and Ostrea, differing from the foi'mer especially by its sessile habitat, absence of a bys-

sal sinus and strongly excavated muscular scar; fi'om the latter by the presence of sep-

arate ligamental grooves. Externally Pernostrea is barely distinguishable from Ostrea."

From our point of view, the ostrean form is due to the condition of fixation. Therefore

Pei'uostrea is like Ostrea because it is cemented to foreign bodies. I have shown that

in Hinnites, PI. xxvr, figs. 3-4, the byssal notch disappears as soon as the shell becomes

soldered to an object of fixation, as the byssal attachment at that period is abandoned

and the shell assumes an irregular ostrean growth. Therefore the disapjiearance of a

byssal notch in Pernostrea is another character fairly atti'ibutable to the condition of

cemented fixation. In the species ofPerna in PI. xxvr, figs. 16-18, we find that from the

typical form of this genus having a long hinge area and many cartilage pits, fig. 16, a se-

ries may be traced to a form with few cartilage pits and wing-like productions of the

shell, fig. 18. If we should carry this reduction of the cartilage pits still further till only

one remained while still retaining the wing-like productions of the shell we should have a

form similar to the nearly allied genus Malleus. Still more to the point is the fact that

in studying young Perna I have found that at first only one cartilage pit exists, which is

triangular in outline and oblique in position as in Meleagrina, Malleus and Ostrea. It

seems that there is no difficulty in a single cartilage pit being derived from many car-

tilage pits; so, that other points being considei-ed, Pernostrea may very properly be con-

sidered as intermediate in form between Perna and Ostrea. As Pernostrea is known
only in the Jurassic, and true oysters are known from older formations, it is best to con-

sider Pernostrea not as in the line of ancestry of the Ostreadje, but as a separate branch

from Perna parallel to the bi'anch on which the Ostreadai evolved as discussed at the

close of this section and in section xvi.

In looking back to the earliest known oystei'S, we find that they are very typical, in-

equivalvular ostrean forms. M. Barrande's Prieo.^trea hohemica, Barr., a form which

seems i-eferable to the oysters, is based on isolated valves attached by the umbo of appar-

ently the left valve. His PL 111, fig. 2, is an upper free valve and bears at the extreme

tip a rounded, veiy marked early stage which resembles the ostrean prodissoconcli as

MEMOIKS BOSTON SOC. NAT. HIST., VOL. IV. 4t
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deseribecl and figured in this pa])er. Whetlier this comparison can he properly made
can only be ascertained bj u studj^ of the specimen. Prajostrea is from tlie formation,

E. 2 and 3, Systeme Sikirien, a period equivalent to a portion of the Upper Silurian.

If a true Ostrea, itis the earliest appearance of the group yet recorded. Professor L. de

Kouinck figures a form from the Carboniferous as Ostrea nohiUisima. His figures re-

sendile a Perna, and are very much the form we might expect if that genus, or a similar one

(as Perna is uot kuowu befoi'c the Trias), should have become attached. Ostrta 'pater-

ctda, Winchell, from the Amei-ican Carboniferous, appears to be a true Ostrea and has

the typical form of the gemis.

As it is shown that the ostrean form is due to the conditions of fixation, these early

and questionable species have to be looked at sceptically, as any Pelecypod adopting a

fixed habitat might assume a form which in isolated s[)ecimens could well be taken for

an oyster. The paucity of the Permian and Triassic foi'mations gives but little evi-

dence concei-ning the early history of the Ostreadaj, but in the Jurassic the family is well

developed, and from that time on there are abundant species and individuals for study.

In the early Jurassic, Exogyra and Gryphaea are developed as well as typical Ostreas,

and the question comes up as to which is to be considered the typical, least modified

form of the fiimily. I show (below) that Ostrea, the type of the family, is connected

with Perna, or Perna-like forms, by important characters of anatomy and shell structui'e.

It has been shown that the attached valve is that which is most modified in all Pelecypoda

which solder one valve to a foreign body. Therefore, the same line of reasoning may
be followed, and as Ostrea is near to Perna, Exogyra and Gryphaea should be consid-

ered as extremes of variation in the OstreadjB. They are extremes of the Ostreadae as

Caprinula, PL xxvi, fig. 8, and Monoplenra, PI. id., fig. 9, are extremes of the Chamidse,

and in the same line of variation. The almost simultaneous appearance of the three

genera of the Ostreadae in mai'ked abundance in the early Jurassic is probably due to

the recognized law of quick development of new types of animals, together with the fact

that the Trias and Permian are formations bearing few fossils, so that what Ostreadje

did exist in those periods have been but fragmentaiily preserved.

After our studies in previous chapters and the present discussion of shell form we are

in a position to consider the probable ancestry of the Ostreadae. The anatomy of Os-

trea beai's a close similarity to that of Perna. The gills of the two genera bear a close

resemblance.^ The palps, heart, adductor muscle, position and termination of the in-

'Dissecting Perna iphippium I fiiul Uiat the dorsal

border of each pair of gills presents the cross connecting

lattice-like meshes chiracteristic of Ostrea. In some
specimens the two pairs of gills are separate from one an-

other thronghout their extent, as represented in PI. xxiv,

fig. 10, Tvliereas in other specimens the two median gills

are connected by concrescence at their dorsal border thns

uniting the two pairs of gills, as in Ostrea. The degree of

concrescence varied in ditterent specimens which possessed

it ; the gills being united for their whole extent or only

posteriorly. That such a difl'erence as this should exist in

what is commonly considered a fundamental character Is

peculiar and slionld be studied on fresh specimens (mine

being alcoholic). In a young Meleagrina, I find the two
pairs of gills separate, though Woodward says they are

united behind the foot. Probably he refers to the adult.

In an Avicnla also, I find the two pairs of gills separated

thronghout their extent. In both .ivicula and Meleagrina

the characteristic lattice-like meshes connect tlie la-

mella; of either pair of gills on their dorsal border as in

Perna and Ostrea. The anatomy of Meleagrina and Avi-

cula as far as ascertained from my rather limited material

is as near to that of Ostrea as is the anatomy of Perna,

and it may be that Ostrea is a direct branch from Avicula

rather than from Perna I have adopted the latter view

because the shell of Perna approaches nearer to Ostrea

than does the shell of Avicnla, and because in Pernostrea,

an uu(|uestlona1)le Ijranch from Perna, we find a form al-

most identical with Ostrea.
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testiiie and mantle border are also closely alike in Pei-na and Ostrea. In Ostrea the foot

is wanting, but probable remnants of it are preserved as the pedal muscle mentioned by
Dall, 2^<l-, ^?*1- XXV. fig. 12. The prodissoconch of Ostrea is strikingly like that of Perna.

In both genera it is an oval, nearly or quite equivalvular shell with umbos directed pos-

teriorly. In both it is composed of homogeneoiis^lime, and shows fine concentric lines

of growth. The succeeding dissoconch in both Ostrea and Perna is strikingly different

from the prodissoconch. In Perna it is composed of an external laminai- prismatic cell-

ular layer with internal nacreous layers. In the oyster the right valve has an external

thin laminar prismatic layer, the bulk of the valve being composed of sub-nacreous tis-

sue. The left valve, on the other hand, in the young, is composed wholly of sub-nacre-

ous lime, not having the typical prismatic layer (vide p. 314). This absence or extreme

reduction of the pi-ismatic \ajev in the left valve of the oyster may l)e dne to the mod-
ifying influence of fixation or to other causes, for in young Pectens a prismatic layer

is found in the right valve although wanting in the left.

Having seen some important likenesses of the two genera, Perna and Ostrea, let

us examine- the dift'ei'ences and see if they can be accounted for. Ostrea is attached;

this habit is acquired by many Pelec3q)ods in widely separate groups. The loss of the

foot and accompanying byssal notch in Ostrea is easily explained as the result of fixa-

tion, for such a reduction and disappearance are desci'ibed in attached Hinnites, Pl.xxvi,

figs. 3-4, Spondylus, PI. xxvn, fig. 4, and Pernostrea. The shell of Ostrea is inequivalvu-

lar, of rough, irregular gi'owth, especially marked in the lower valve, which is deeply eon-

cave; the sub-nacreous tissue is characterized by a shallow camerated structure. This

form and the cameration we have shown are the result of the conditions of fixation acting

on attached Pelecypod shells. Ostrea has but one cartilage pit in the middle of the line

of ligamental tissue connecting the valves, whereas Perna has many pits situated on

such a line of tissue, PI. xxvi, figs. lG-18; but this character is variable in Perna and

in the young only a single pit exists, figs. 30, 31, p. 329. The nepionic period, as shown
in many genera in this paper, is of value in tracing relationships which are with difficulty

or not at all traceable in the adult. Therefore we naturally turn to the nepionic period

of Ostrea. I have not been able to trace connections between the nepionic stage of Os-

trea and similar periods in Perna, Ijut it is to be remembered that Ostrea, even at this

eai'ly period, is already attached and highly modified, so that close comparisons are not

to be expected. All diflerences seem referable to details, which are explicable on estab-

lished bases of argument. We feel justified, therefore, in supposing that Ostrea is a

close ally of Perna, the differences between the two genera being largely explained by

the effects of the changed conditions of environment acting on the genus Ostrea. Os-

trea probably descended directly from Perna or from a close common ancestor of the

two genera, and by soldering its shell to a foreign body at the close of the prodisso-

conch period has by this means eradicated from the shell, features which might otherwise

I'cnder the young referable to Perna in form.

YIII. Peutsta, Avxcula and near allies.

Seeking on masses of Perna ephippinm, L., preserved in alcohol, a immber of young'

specimens were secured, which had the embryonic shell well preserved. The young were
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attached by a byssus as are adults, and it was due to this fact that they were collected

at the same time with the adults.

The pi-odissoconch of Perna, as shown in PI. xxvn, figs. 1-3, and PI. xxvih, fig. 11, is

very closely similar to that characteristic of Ostrea, the umbos are directed posteriorly

and the histological structure is hon\ogeneous and laminar. The succeeding dissoconch is

sharply marked off from the prodissoconch by the shape of the shell and by the fact, as in

Ostrea, that it is composed of lime deposited in a prismatic manner in aconchyoliu matrix.

These two characters are features as clearly marked and as striking in the young of

Perna as they have been shown to be in the young of the oyster, fig. 27, p. 314. The
byssal notch of Perna originates in the initial stages of the dissoconch, as shown in PI.

XXVII, figs. 2-3, viewed from the right side. It is a fact to note in our comparative

studies that there is no indication of a byssal notch in the jirodissoconch valves of Perna;

and the same is true of the ])i-odissoconchs of Spondylns, PI. xxvii, fig. 4, Avicula, fig.

33, p. 330, and Pecten, PI. xxvii, figs. 8-9, all tending to prove that the embryos lived a

free locomotive existence as did Ostrea up to the close of the prodissoconch period and

crawled, if at all, on the ventral boi'der of the valves. As viewed from the left upper

side the young shell of Perna, PI. xxvii, fig. 1, is auriculate, but shows no indications

of the byssal notch; as in the lower i-ight valve, PI. xxvii, figs. 2-3, the same being true

of young Pectens, PI. xxviii, figs. 9-12. This is attributed to the fact that it is the

right valve which is most affected by the presence of the byssus, for that oi'gan in moor-

ing the animal to its habitat passes over the edge of the right valve, as the animal lies

on the I'ight side.

The degree in which a special notch exists for the extriision of the byssus and foot

appears to bear a direct relation to the position of the axes of the body as compared

with the hinge axis of the shell (relation of axes to the shell, see p. 309). In byssated

Pelecypods which have the anterior portion of the body closely underlying the hinge

area, a notch is always developed. As examples, may be cited Perna, Pecten, Avicula

and Tridacna. On the other hand, byssated Pelecypods in which the antero-posterior

axis is more nearly parallel to the hinge axis, commonly there is only a slight byssal

notch, or none at all. Such we find to be the case in JVEytilus, Modiola, Pinna and most

Areas. In studying these genera it is evident that when the foot is close to the hinge

axis a notch in the valves greatly aids in its easy protrusion; as if no notch existed the

valves would have to open very widely to permit of its passage. Young Pecten, how-

ever, in virtue of the deep notch, protrudes its foot and crawls freely, while lying on the

right side (see studies of Pecten), although the valves are almost closed. Genera in which

the foot is far removed from the hinge line can protrude it, even if of considerable size,

by a comparatively slight gaping of the valves, and a permanent byssal attachment

seldom induces a considerable notch. Those in which tlie foot is far removed fi'om the

hinge line mostly crawl on the ventral border, with the valves raised perpendicularly, not

as in Pecten and similar genera where crawling iseftected by dragging the shell still l^'ing

on its right side, the foot being extended through a special notch in the right valve.

From studies of Pecten I am led to believe that a notch is a fe-.iture caused by the ex-

tension of the foot quite as readily as by the existence of a byssus, although either or-

gan would affect shell growth by its permanent existence, or activity.

The shell of Perna in the nepionic stage has not yet acquired adult characteristics.
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Fig. 30.—Youna; Perna ephippimn, right valve; p, prodissoconch; I, single triangular

cartilage pit ; c, cardinal and t, lateral teeth. X 00 diam.

Fig. 31.

—

Perna ephippimn, older .specimen than fig. 30, .showing several triangular

cartilage pits and two lateral teeth. Lettering as in fig. 30. X 24 diam. (Drawn ijy the

author.)

Viewed from the left side, PI. xxvii, fig. 1, it possesses a rounded wing anteriorly and

posteriorly the wing is rounded but not produced beyond the borders of the valves.

The hinge of this early period of growth, fig. 30, is markedly different from the adult.

The cartilage pit is single, acutely triangular in outline, situated obliquely (as in Mal-

leus, PI. XXVI, fig. 19),

and extends downward
from the hinge area of

the prodissoconch valve

as in Ostrea, PI. xxiv,

fig. 19. As the shell

grows, fig. 31, new
cartilage pits originate

on the hinge line each

being triangular at first,

but not as acutely so as

is the fii'st formed pit.

Hinge teeth exist in

young Perna (figs. 30-

31), although wanting

in the adidt, PI. xxvi, fig. 16. Two cardinal teeth in the right valve and one in the left

are situated directly beneath the umbos. A slight posterior lateral tooth exists as well

in either valve. The teeth corrcsjiond with similar teeth in a specimen of -4 yicwZa sterna

with which they were compared and they are found in specimens of Perna e2)Mppium

up to a centimeter or more in height. These teeth are apparently directly inherited

from Avicula, which is in all probability the immediate ancestor of Perna. During later

growth new cartilage pits originate on the hinge line, and the triangular outline char-

acteiistic of the developing pits is lost, giving place to the perpendicular form of pits

characteristic of the adult, PI. xxvi, fig. 16. The hinge teeth also disappear during

growth, and the form of shell characteristic of the species is rapidly built up.

The anatomy of adult Perna resembles that of Ostrea as already considered, section v,

and the anatomy of the prodissoconch jjeriod of Pei'na is probably closely like that de-

scribed in the oyster, p. 300, PI. xxiv, figs. 1-2. At least one difference, however, ex-

ists, and that is the presence of a well-developed foot. The foot of Perna as indicated

by the position of the notch in the succeeding dissoconch growth (PI. xxvir, figs. 2-3)

occupies an antcro-ventral position in the prodissoconch shell, and a similar position was

occupied by the foot in the young prodissoconch period of Avicula, fig. 33, p. 330, Pecten,

PI. XXVII, figs. 8-9, and Anomia, PI. xxix, figs. 6-7. The position of the foot may be

considered as afibrding evidence concerning the anatomy of the prodissoconch stage, as

it doubtless closely underlies the anterior adductor muscle, its normal position in dimya-

rian Pelecypods, for Perna was unquestionably dimyarian at that stage. Tiie foot of

adult Perna is small compared with that found in Pelecypods where it is used actively in

locomotion; it Ijears a deep longitudinal distal cleft as in Pecten, and from a second

deeper proximal cleft, the byssus originates. The prodissoconch of Perna in shell feat-

ures and implied anatomical pai'ts is referable in origin to the Nuculoid radical, which
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is also represented by the prodissoconch in Ostrea, Avicula, Pecten, etc. (see full dis-

cussion, section xv).

In studying fossil Pelccypods we find many species of Palaeozoic Aviculoids which

are directly comparable to the nepionic stage of Perna, PI. xxvii, fig. 1. Some species

of Leioptera and Leptodesma, as figured by Plall in the Palaeontology of New York,

Vol. V, part I, are very similar to young Perna. The most striking resemblance, how-
ever, is found in species of Rhombopteria (gen. nov. described in section xvi) from the

Silurian, as figured by Barrande. Rhombopteria glahra, sp. Mtinst. (see Barrande, PI.

228), is almost identical in foi'm with j'oung Perna. The form of shell found in the adult

of species of Khombopteria is shadowed in the stages of development of many genera

of the Aviculid^e and their allies as Avicula, fig. 32, p. 330; Pecten, PI. xxvni, fig. 9,

etc. From these close comparisons, Rhombopteria is selected as the radical from which

these genera are evolved as discussed in section xvi, and represented graphically in the

table at the end of that section. The pi'odissoconch of Perna in connnon with that of

Ostrea, Avicula, Pecten, etc., is the representative in the ontogeny of the individual of

FlO. 32 Fig. 3i-

FiG. 32.—Youii!; Avicula sterna, showinc;,^, the prodissoconch and succeedinK nepionic stage, \iowed from the left side.

Fig. 33.—Same specimen viewed from the right side, showing the byssal sinus. Figs. 32-33 are drawn from tlie um-
bonal tip of a J'onng specimen by following the lines of growth. X 38 diam.

Fig. Si.—Young Avicula sterna, showing a much later growth than flgs. 32-34, X 0.3 diam. (Drawn by the author.)

the Nuculoid radical from which the whole group evolved (section xvi), and the suc-

ceeding nepionic stages are referable in origin to species of Rhombopteria the next step

uj) in the phylogeny of the group. The prodissoconch, also the teeth, single triangular

cartilage pit and form of the shell in the nepionic stage of Perna show how closely

stages in growth may be compared to ancestral kindred and how valuable such stages

are in ti-acing the phylogenetic history of groups.

The developing shell of Avicula presents characters of interest in themselves and of

great value in our phylogenetic studies. Thi'ough the kindness of Prof. A. E. Verrill,^

I recently received some specimens of young Avicula sterna, Gould, fi-om Panama. The
specimens were growing thickly on the branches of Gorgonias, to which they were at-

tached by a byssal fixation. A well defined prodissoconch exists at the umbos of the

valves, figs. 32-33, and the right valve of the prodissoconch is somewhat larger than

the left valve. The umbos of the prodissoconch are directed jiosteriorly; it is composed
of homogeneous lime and shows fine concentric lines of growth. The prodissoconch of

' I am indebted to Professor Verrill of Yale UniFersity,

for other specimens besides the Avicid.as mentioned, and

I am also indebted to Dr. C. E. Bcecher of the same in-

stitution for many valuable specimens of developing Pel-

ccypods ; some of which are d.-scrib^d in this paper.
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Avicula is closely compai-able to the same stage of Ostrea and Perna as described, and

the anatomical features of this stage of Avicula are doubtless similar to those of the

gcnei-a mentioned.

The early dissoconch gi'owth of Avicula is sharply defined from the prodissoconch by
its changed fonn and histological structure. Whereas the prodissoconch is composed of

homogeneous lime, the dissoconch externally is composed of prismatic cellular tissue,

with an inner layer of nacreous tissue (compare with Ostrea, fig. 27, p. 314). The deli-

cate spinose productions of the epidermis are made up of prismatic tissue like the rest of

the superficial laj'er of the shell. In form the nepionic stage of the dissoconch is sub-

rhomboidal, fig. 32; the hinge line is produced beyond the borders of the prodissoconch

in a straight line and anteriorly is terminated by a slightly auriculated wing; posteriorly

the wing is slightly roiuided at the hinge line, and is not produced beyond the free bor-

ders of the valves as in later stages. In the right valve, fig. 33, the byssal sinus origi-

nates with the introduction of the nepionic stage and is progressively pi'oduced to the

free border of the valves. At this stage, the developing shell of Avicula is closely like

the developing shell of Pecten at the same stage, PI. xxviir, figs. 9-10 and Perna, PL
xxvii, fig. 1. It also approaches near to the form of the young of many living and fos-

sil allied genei'a, and in its left valve, fig. 32, bears a close resemblance to the adult of

Ehombopteria, the ])i-iniitive radical of the Aviculidre (see section xvi). During the

later gi-owth of Avicula sterna, fig. 34, the posterior wing is gradually produced in an

increasingly sharper ]>osterior extension as indicated by the lines of growth in the fig-

iwe, and soon the full characters of the adult are introduced. The stage rejiresented

in fig. 34, is compared in section xvi, with the ancient genus Leptodesma, which this

stage probably represents in the ontogeny of Avicula. In the youngest specimen of

Avicula observed, the hinge teeth are similar to those of the adult, and the caitilage pit

is triangular, oblique and produced downwards from the hinge line of the prodissoconch

as in Perna, fig. 30, ]^. 329. Similar characters to those found in Aviada sterna are

shown in a specimen of Avicula atlantica, sp.? sent me by Dr. C. E. Beecher.

The prodissoconch of Avicula as in Perna and Ostrea, I'epresents in development the

Xuculoid radical of the whole group (discussion, section xv). The nepionic stage which

is the next stage in the ontogeny of the individual corresponds closely with, and is the

representative of Rhombopteria, which is the second step up\vai"d in the phylogeny of

the group (see table, section xvi). The third stage in Avicula in which we find the

posterior wing produced and the anterior wing auriculate, fig. 34, bears a close resem-

blance to typical species of the genus Leptodesma which is considered as the third step

in the phylogeny of the group (serial steps and discussion, see section xvi). Thus
Avicula in its development represents very fully the phylogeny of the genus, as also

seen in Perna and very clearly in Pecten, section x.

A specimen of young Mdeagrina glahra, Gould, from Xew Zealand, ^o. 584, Yale

University Museum Collection, has a jirodissoconch and succeeding nepionic dissoconch

similar to that of Avicula sterna. (Dne difterence, howevei', exists, in that the young
Meleagrina like the adult has no cardinal or lateral teeth as in Avicula.

Specimens of Monotis tenuicostata, fi'om the Jurassic of the Black Hills of Dakota,

were loaned me by Dr. Beecher for study. The prodissoconch is preserved in both

valves. It has the umbos directed posteriorly, and resembles the prodissoconch of Avic-
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nla as far as can be ascertained in its partially eroded condition. The byssal sinns of

the right valve originates in the initial stage of the dissoconch growth, as in Avicnla.

In Pseiidomonotis echinata, sp., Sow., I have been able to observe the condition of the

yonng in specimens from the Cornbrash of Wilts, England, No. 10737, Museum of Com-
parative Zoology. A well-preserved prodissoconch like that of Avicnla, exists at the

umbo of either valve. The nepionic stage of the left valve, which seems to be the more

normal, least modified valve in this species, is sub-rhomboidal in form and resembles the

same stage of Avicnla, fig. 32, p. 330. In the right, flatti-.h valve, the byssal sinus orig-

inates with the inti'oduction of the nepionic stage as in Avicnla, etc.

In some well-preserved specimens of right valves of Oxjtoma ineqidvalvis, sp. Sow.,

from the middle Lias, PI. xxvii, fig. 7, I found a well-preserved prodissoconch. As in

related genera the umbos of the prodissoconch are directed posteriorly, and the byssal

sinus originates Avith the introduction of the nepionic stage on the ventral border of the

prodissoconch as shown in the figui-e.

In specimens of Cassianella from the Triassic, a prodissoconch has been found similar

to that of Avicnla. It is worth noting that Cassianella is from the oldest geological

formation from which I have so far succeeded

in finding a Pelecypod with the prodissoconch

still intact. Dr. Beecher sent me recently

specimens of Cassianella decussata, Miinst,

which show the feature mentioned, fig. 35.

The prodissoconch is ovate with umbos di-

rected posteriorly, and it is sharply defined

from the succeeding dissoconch, as in Avicnla

and allied genera. The nepionic stage of

Cassianella is similar to the same stage of

Avicula (compare tip of valve of fig. 35, with the whole valve of fig. 32, p. 330) . The
prodissoconch has also been observed in Cassianella gr-yplieata, Miinst, from the Triassic.

In specimens of Vtdsella ricgosa, Lam., kindly given me by Professor Verrill, I have

found stages of interest. At the umbos of a J^oung individ-

ual, fig. 36, a well-defined prodissoconch exists similar to

that of Avicula. The prodissoconch is oval with umbos di-

rected posteriorly. It is composed of homogeneous lime,

and bears fine concentric lines of growth. The nepionic

stage of the dissoconch, as in related genera, is sharply de-

fined from the i^rodissoconch by its changed form and histo-

logical structure. The shell of the nepionic and later stages

is composed on the outside of prismatic cellular tissue, with

nacreous tissue in the deeper seated parts. The form of the

nepionic stage is sub-rhomboidal, bearing a certain resem-

blance to the same stage of Avicula, fig. 32, p. 330; but the

wings are almo.st lost sight of in Vulsella. During later growth the hinge line becomes
twisted out of the straiglit line and commonly, for a brief extent at least, curves aroimd
the ligamental area as shown in fig. 36.

The genera Malleus and Pinna might be considered in this section, but I have not

Pig. 35.

—

Cassianella dfciissata, tip of loft valve,

showing, p, prodissoconch, and early dissoconch

arrowth. Original in Yale University Museum. X 30

diam. (Drawn by the author.)

Fig. 3G.—Tip of valve of young

Vulsella rugnsn, showing, I, carti-

lage pit ; p, prodissoconch,succeeded

by the early nepionic growth. X 38

diam. (Drawn by the author.)
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succeeded in getting very young specimens of either genus. The observations which

have been made on the development of these genera are given in section xvi.

IX. Pecten. Anatomy and Habits.

Material collected at Buzzards Bay, in 18S8 attbrded an opportunity to study Pecten

irradians. Lam., fig. 37, which is common on the southern shores of Cape Cod. Through

the kindness of Dr. Dall, I have also l^een able to study the young ofseveral other species

from the collections of the Smithsonian Institntion at Washington. The consideration

of the anatomy and life habits of Pecten irradians is taken up in this section and a study

of the shell of that and the other species studied is described in section x.

On the fourth ofAugust, in examiningthe glass plates iumy draiu-pipe traps (descril)ed

in section ii), a number of extremely young Pectens were found. These specimens

l)roved of great interest on account of the shell foi-m

and structure and also on account of anatomical feat-

ures and the habits which I had the opportunity of

observing, as they were kept alive for several days.

Ho very young specimens were found on the sand-

bar immediately around the drain pipes although

diligently searched for, and the traps were a most

invaluable assistance in catching extremely young

molluscs which Avere easily seen on i^lates of glass by

allowing the light to strike them oblicpiely.

The specimens found on the fourth of August

varied slightly in size as shown in PI. xxviir, figs.

9-12. A few of the same age were found on the glass

the next day; but later none of these youngest stages

were seen. The habits of these were alike in all

the individuals observed and the anatomical features were the same as far as traced.

The young Pectens, PI. xxviii, figs. 1, 9, 12, were free, crawling on the glass,

byssus was observed until a considerably later stage and it is safe to say that this early

period has not yet developed the habit of byssal fixation. It is a free period, preceding

the byssal period. The young scallops were extremely active crawlers with a highly de-

veloped foot, which is capable of extreme prolongation, PI. xxvirr, fig. 1, and is often

produced beyond the edges of the valves to a length equal to the whole height of the

shell. "While lying on the right valve, the foot is extended thi-ough the notch close un-

der the hinge line and is attached by a sucker-like action to the glass, shortening its

length. It thus drags the shell along on its I'ight side. The motion is very rapid and

the little creature quickly passes over a considerable distance. Shells were fi'equently

observed to clap as in the adult; but they did not SAvim by this means and it is quite pos-

sible that they were not capable of doing so, as special features of the mantle which

serve the adult in swimming were not yet developed. The foot is so mobile and'exten-

sible that it may be twisted and turned in any direction at the will of the animal.

Older scallops and the adults lie on the right valve, and ai-e i-arely fouiul lying on

FKt. 37.—Adult I'eileii inadlans, L:im.

sizx". (From Biuney's Goukl.)

Life

No
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the left side. This hitter position, is due proljaljly to au accidental overturning, which

the scallop alters at an early opportunity. Professor Hyatt inCornis me in a letter that

he has examined over three hundred specimens of Pecten irracUans, all of which lie

habitually on the right valve. The ujjper, left valve very commonly is more or less over-

grown with alg;e, but I have never observed them on the lower right valve. This habit

of lying on the right valve is characteristic of many i-elated genera as Perna, Spondylus,

Plicatnla, Hinnites, and Anomia. Patten (53) in his studies of Pecten Jacobceus, says

that this species which has a deeply concave right valve and a flat left valve, lies habit-

ually on the right side, and if turned on the left side in an aquarium, soon i-ights itself.

The studies of young Pecten irradians were interesting on this point. I tui-ned them

several times on the left valve intentionally and in every case they almost immediately

extended the foot with which they laid hold of the glass, and with a sudden jerk righted

themselves, showing that they wei'e uneasy in the reversed position. While actively

crawling, the heai't action is veiy rapid as ma}^ be seen through the translucent valves.

The foot of Pecten is maiLed by a deep groove in its distal portion and by means of

this groove is capable of laying hold of objects of support by a distinctly sucker-like ac-

tion. By this means they are capable of suspending themselves and I have inverted a

glass slide on which a 3'oung Pecten was crawling and seen it hang ]ierpendicularly sus-

pended by the foot. This only applies to the very young, as older individuals have not

the power in sufficient degree to support their weight. The ci-awling action may, how-

evei", be seen in oldei- specimens more easily than in the very young, as they are large

enough to be observed without the aid of the microscope.

The foot of a young Pecten has a well developed posterior retractor muscle, pr, PI.

xxviir, fig. 1, on the left side. It takes origin in the proximal })ortion of the foot and is

attached to the left valve on the dorsal border of the adductor muscle. A dissection of

a Pecten of the same age as that of PI. xxviii, fig. 2, showed the posterior i-etractor in-

serted behind the adductor in its normal position. An anterior retractor was also observed

attached to the shell in the umbonal region. It is an interesting fact that in P. irradians

there is only one posterior retractor of the foot, and that one, the left retractor, whereas

normally there are two posterior retractoi-s in Pelecypods, one of which is inserted in either

valve on the dorsal border of the posteiior adductor muscle. This important ])eculiarity

of the absence of a right retractor is apparently due to the fact that Pecten habitually

lies on the right valve. When lying in this position it is obvious that the left retractor is

in the direct line of traction, while crawling with the foot extended at an angle s^o as to

reach the ground; whereas the I'ight retractor, if it exists, would not be in the line of

traction and has disappeared pi'obably from relative disuse and atrophy.^ In adult Pecten

magellanicus both postei-ioi" retractor muscles are wanting, and it is stated as character-

istic of the genus that the postei'ior ivti'actors are absent or present only on the left

side. Another featiu-e due to this changed position in the mechanism of parts is the

relative situation of the cleft in the foot. In Pelecypods which have a cleft in the foot

and also crawl on the ventral border of the valves, the cleft is in the venti'al border of

' A similar disappearance of the riglit retractor muscle cribes the loss of the right retractors to disuse and at-

exists in Anomia, PI. xxix, figs. 1-2. Lacaze-Diithicrs has ropliy brought about by the peculiar position of the mus-

demonstrateil it in siCmW, Anomia ejiMpinum and he there as- cles and their relations to the byssal plug.
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the foot as seen in Mytilus, Modiola and Nucnla. On the other hand, in Pecten, PI.

xxvin, fig. 1, Anomia, PI. xxix, fig. 2, and their allies which lie on the right valve, the

cleft in the foot is in the right side, this being the side apposed to the ground in crawl-

ing. Whether the position of the cleft has changed, or the apparently changed position

of the cleft is brought about by a twist in the foot, is not known.

Young Pecten irradlans dlfters from the adult in many features of anatomy and habit.

I will first consider the condition in the young and will call attention to the diiferences

when discussing older stages. The mantle border of the young, PI. xxviii, fig. 1, is a

simple thickening of the edge as shown more highly magnified in PI. xxviii, fig. G. It

has not yet acquired the complex structure of the mantle l^order of the adult. The eyes

are arranged on the border, one in each plicated fold of the shell. As the plications in

the two valves alternate, so the eyes alternate on the two mantle borders, each retaining

a position in the furrow of its apposed valve. The tentacles at this stage alternate with

the eyes, as shown in the figures; they arc highly extensible, sensitive, prehensile, and

are covered with pajjillose projections. When crawling, the young scallops use the

tentacles actively and they constantly lay hold of the glass by their sensitive tips.

Whether they assist in crawling by their prehensile activity is not lv:nown;butit is possil)le.

They will wind the tips around a body put in their way, such as a needle or pencil point,

and I have seen very young Pectens suspended fi'om the glass sides of a beaker by the

clinging power of extended tentacles, the animal being otherwise completely inactive.

At a little later date, a few Pectens were found considerably older than those thi:s far

considered. The eyes of this stage, PI. xxviir, fig. 2, are still single in each plication of

the shell, no more having yet appeared; the active tentacles, however, differ from the

earlier stage, fig. 1, in that there are now two alternating with each eye. The mantle

border has as yet no perpendicular wall or guard tentacles (described later) but presents

one striking feature. When at rest the two borders are proti'uded beyond the edge of

the shell in a short tubular form at the base of the dorsaP ear as shown in PI. xx\arr,

fig. 2. At this point excurrent action takes the direction indicated by the arrow and a

rapid but intermittent outflow may be traced Iiy means of the contained particles of ef-

fete matter. This extension of the mantle is at that time a pseudo-siphon; it is com-

posed of delicate tissue and is i-etracted and extended exactly as may be observed in the

anal siphon of young clams (vide section xiv), but it ditt'ers from a true siphon in that

the walls are not joined by the concrescence of their apposed borders. Ko siphonal ex-

tension of the mantle was seen in Pectens younger or older than that here described, but

in the adnlt it is important to notice that all excurrent action takes place at this same

area of the shell. Dr. Dall informs me that he has seen a similar condition of siphonal

extension of the mantle border in Pectens dredged from gi-eat depths.

It is an interesting fact in young Ostrea and Pecten that excurrent action takes

' lu considering tlic relative position of tlie axes of tlie and tlie gills lie on tlie ventral border. The ear possessing

body to the shell it must be borne in mind that as in Ostrea the byssal notch through which the foot extends is tliere-

(cWe p. 300) tlie axes of Pecten are difl'orent from those of fore the? ventral ear, not tlic anterior ear as comnionlv eon-

typical dimyarians (PI. xxv, tig. 8). The position of the sick'red; and Ihe ear on tlie opposite side is correlatively

palps and foot in Pecten indicates tlie uinlios as the anterior tlie dorsal not the posterior ear.

end of the shell, the free ends of the valves are posterior,
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jjlace at one definite area. Tliese genera have mantle borders separate around tlie en-

tire margin of the shell; yet the outflow is not in any direetion as might be supposed,

but is limited to one direction.

The gills of Peeten of the age of PI. xxvin, fig. 2, consist of four sets of filaments all

eqaally developed, but thei-e is none of the in-cgularity of development of the separate

gill lainelhe desci'ihed in the oyster. The iiiner ])air of gill filaments are i-etiected in-

wards and the outer pair are reflected outwards as in the adult, PI. xxiv, fig. 12. The
reflected borders are about half the total length of the direct borders whereas in the adult

the reflected bordei-s are proportionately longer. Thiscondition in the young Avas doubt-

less pi-eceded by a condition in Avhich the filaments were simple, straight processes Avith-

out reflected borders as described in young Ostrea and Anomia. The gills are ciliated

but have not yet the ciliated intei-filamental knobs or processes existing in the adult.

There are no septa joining the direct and reflected portiou of the filaments, character-

istic of the adult, observed at this early stage.

When a Peeten of the age of PI. xxviii, fig. 2, had been kept in confinement for a few

days it became attached by a byssus and from my observations it is probable that, up to

this period, the young lead a free, crawling existence without any fixation. "With the in-

introduction of the byssal period, as it may be called, the young Peeten undergoes a

marked change in habits. Previously an active crawler, it now becomes most persistent in

its byssal fixation, and leads a sedentary life. The animal lies on the right valve; the bys-

sus is extended through the byssal notch as a number of delicate fasciated thi-eads flat-

tened into a disc at the point of contact with the object of fixation. The specimen if

kept in a beaker of water frequently attached itself high up on the perpendicular sides of

the glass to which position it had previously crawled. It occasionally broke loose volun-

tarily, or was intentionally detached and in a short time, conunoidy a few minutes, made
a new attachment, showing that fixation is a feature of this condition. It was in the

specimen of this early stage, when attached by a byssus, that the pseudosiphonal protru-

sion of the mantle was observed. AVhen the animal is attached, the tentacles are more
or less fully extended, the foot may be protruded or withdrawn, and feeding is active as

indicated by faecal discharges in the excuri-ent water.

Pectens considerably older than those already discussed, measuring 1-3 cm. in height,

are insti'uctive. At this age the byssal habit of fixation still exists; in fact, specimens

measuring slightly over 3 cm. have been found still attached, but I have never observed

such a condition in adults. Pectens 1-3 cm. high, though retaining the byssal hul)it,

ai'e not as constantly attached and are more active, than the younger stage just consid-

ered. Two hundred or more individuals of this size were seen on the bar and perhaps

half were attached. They wei-e not observed in the act of crawling but they are ea])able

of swimming actively as later described. On account of the size of the specimens it

was easy to observe the process of formation of the byssal fixation. In observing it,

the scallops should be confined in a dish as every mov^ement is then clearl)^ perceptible.

Lying on the I'ight valve, the foot is extended on the surface of the dish, the flattened

distal portiou taking a firm hold as if about to crawl. This position is maintained for a

moment or two and then the foot is withdrawn within the body, I)y the motion of retrac-
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tion it draws out, or spins, the byssal tliread, wliich the creatui'e had fixed to the surface

of the dish while the foot was laid closely against it. Soon the foot is again extended,

pressed flatly against the dish and another byssal thi'ead is spun. The second bj'ssal thread

is always attached at a point a little removed from the point of fixation of the first

thread; sometimes the two are sepai'ated by a distance of two or more milUmeters. Ad-
ditional threads may be spun; but three was a common number with specimens in con-

finement. Those on the bar, especially the larger individuals, frequently spun a large

number ot threads in the byssus. The byssal gland is situated in a proximal eleft-like

depression in the foot separate from the more distal cleft-like depression which serves

the animal in crawling, so that between the two there is a slight interspace without a

cleft. Frequently when forming the byssus, tlie foot may l)e arched np in this interspace,

PI. xxviii, fig. 7; the hold being maintained by the tip of the foot and at the same time

the byssal cleft being pressed closely against the glass, so as to make the fixation of the

byssal thread. While spinning the byssus the scallop is preoccupied and pays little at-

tention to pricks or stimnli which at other times would meet with immediate response.

The attached scallop commonly remains fixed foi' a considerable time. If disturbed,

however, or at will without ajjparent cause, it may break the byssal attachment by cla[)-

ping its valves. It then commonly swims about, soon renewing, or not, the attachment

as the impirlse moves it. If one bi'eak the byssus loose it is torn out from the foot and

left clinging to the sides of the dish. On examining separated threads we find that the

proximal portions of the several threads are generally coalesced into one band, the distal

jwrtions being separately attached to the glass by expanded disc-like extremity. The
threads may measure a centimeter or more in length but ai'e more often shorter. In at-

tempting to preserve specimens of Pecten in alcohol with the byssus intact it was found

that they immediately detached themselves. Success was attained however, by first

paralyzing them with cocaine, adding the solution gradually to a small volume of sea

watei'.

The mantle of Pectens 2-3 cm. high has acquired adult characters. In young stages,

as shown, the eyes are situated one in each plication of the shell and a single tentacle

alternates with each eye, PI. xxviii, figs. 1 and 6. Later the position of the ej'es being

the same, two tentacles alternate with each eye, PI. xxviir, fig. 2. In the age under con-

sideration, as in adults, the eyes are for the most part situated in the plications of the

shell, but in addition to one eye in each plication, new eyes have arisen between those

first formed. The new eyes, however, do not appear at regular intervals as did the first-

formed eyes. In each mantle border may be counted (as noted by Verrill) about forty

eyes, and between them are a large number of tentacles instead of only two as in the

earlier stage. These marginal tentacles, like those in the young, PI. xxviii, figs. 1 and

G, are papillose, extensible and active, frequently winding about a small object in a pre-

hensile manner.

Besides an increase in the number of eyes and tentacles, the mantle Ijorder of Pectens,

of the age under consideration, has developed new features not seen in earlier stages.

The border is produced perpendicularly in a thick marginal wall or ciu'tain wliich has

iiupdrtaiil ("uiiclions. This wall is highly developed along the [)rK'al('(l borders of I Ik;

valves but is icduced in thickness, and height as the base of llie angle forming tlie eai's,
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fig. 37, p. 333, is reached. It is richly i)ig-mented on its outer face and marked by per-

pendicular folds and ridges. Just below the free, inner margin of the mantle wall it is

thickly set, with small equidistantly placed, arcuate tentacles, diagrammatically shown in

PI. xxA'iii, fig. 4, which may be called guard tentacles from their functional use. These
tentacles are yellowish, not papillose, incapable of extension and move onl}- in one plane.

When the scallop is at rest the guard tentacles stand upright. In young individuals the

tips of the tentacles of either mantle wall come in apposition, so that a grating or guard

is formed between the separated mantle walls. In virtue of this grating no large body
can pass into the gill chamber, while the animal is feeding with valves open, without

striking the guard tentacles. Collision with these tentacles commonly causes the an-

imal to shut its valves quickly. I say commonly, for irritation sometimes fails to pro-

duce the expected result. When swimming, the guard tentacles are turned outward and
laid flatly against the outer border of the mantle wall. In adults the valves frequently

are so widely separated that the tips of the guard tentacles are not in apposition, and
the tentacles are less sensitive to stimuli than they are in young scallops of two or three

centimeters in height. The guard tentacles are arranged equidistantly on the borders

of the mantle walls from the base of the ventral to the base of the dorsal ear. The re-

maining portions of the mantle walls which are relatively slight and low, bear no guard

tentacles. It is to be noticet!, that the regions free from guard tentacles are the regions

marked by the extension of the foot when young on one side and on the other marked
by the excurrent flow of eftete water, as well as by the flow of water when swimming.

The mantle borders of young and adults are separated for the greater part of their

extent, being confluent on tlie hinge line and for a slight distance toward the byssal notch,

on the ventral border. Dorsally they are continent to the point marked as the inner

angle of the ear, fig. 37, p. 333, being a somewhat greater distance than that of the ven-

tral confluence. This relative confluence is correlated with the functional needs of the

animal, as excurrent action takes jilace doi'sally over such an area that it is not affected

by the partial union of the mantle boi-dcrs, whereas ventrally the foot actively swings up
to the hinge line, requiring and maintaining a greater separation of the borders to that

point. The mantle border is very broad and strong, and numerous, well-developed, radial

muscles which bifui-cate and anastomose freely serve to retract it. The muscles are more
highly developed in Pecten than in any other Pelecypod studied, which fact is probablj'^

correlated with the active swimming habit.

It is stated that Pecten swims by clapping the valves, but how the motion is effected

and the direction in which the animal moves has not been studied so far as I am aware

and seems to be commonly misunderstood. The swimming habit of Pecten is one of

the most striking features of this genus, and it is accomplished with such energy and

rapidity that the creature attains great speed. In swimming, as wlien at rest, the left

valve is always uppermost, and the plane of the edges of the valves is inclined to the

surface of the water at an angle of about 4:5°}

It is best to study the swimming in young Pcctens some 3 cm. high, as at that age

it is more easily seen than in adults, and does not dilFer from what may be observed in

' Till-' I'l'cli-iis ill wliicli llic swiiniiiiiin iialjit \v;is sl.iiilicil ;iii;;U> lihi'ii and soiiif oUit-i' di-lails iniglil vary slightly i(

were couliucd in .small aijiiaria, and it is possible that the swiiiiiiiing freely in the ojjeii water.
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them. Lying on the bottom with tentacles extended, tlie scallop suddenly folds the

guard tentacles back so that they lie closely against the outer border of the perpendicu-

lar mantle wall. The valves are then closed ])y a quick action of the adductor muscle

and water is ibrcibly expelled. The first water expelled is driven out posteriorly in the

direction of the arrow a, PI. xxviii, fig. 8, and if this were the only or the main direction

in which a current is expelled, the animal would by impact of water be impelled in the

opposite direction or anteriorly; bnt the act of swimming is more complicated than this

would indicate. When the valves have closed to a slight extent the borders of the two
thick, i)erpendicidar mantle walls come in contact and then no more water passes out as

indicated by the arrow a, but instead, during further closure of the valves, it is forcibly

ejected from the lower border of one ear, where the mantle wall is low and thin, as in-

dicated by the arrow h, PI. xxviii, fig. 8. The water expelled at the point h is the

most forcible cm-rent and probably of the greatest volume; by its means the creature

is impelled in the direction of the arrow, c. The valves open quickly and clap again.

The second time as before the first water is driven out posteriori}' ; but when the mantle

walls come in contact, the direction of the excurrent water is again changed and is

forced out from the lower border of one ear in the direction of the arrow d, PI. xxviii,

fig. 8 a; being the strongest current, it impels the animal in the direction of the arrow

e. This striking difference is noticeable, viz.: that at successive claps the water is driven

out from alternate ears, first on one side and then on the other. The resultant action of

the several curi'cnts and successive claps, illustrated in PI. xxviii, figs. 8-8 a, is therefore

to drive the animal in the direction of the free borders of the valves or postei'iorly. It

is due to the alternate expulsion of the water first from one ear and then from the other

as described, that the animal presents a succession of zigzag jerks in swimming. The
direction of the current alternately to the two ears appears to be voluntary, as a scal-

lop can scuttle over the bottom of a dish in a sidelong direction by successively expell-

ing the water at each clap from one and the same ear. The action of the first current

of water expelled posteriorly, before the mantle walls come in contact, gives the animal

an upward jerk and it is in viilue of this jerk combined with the momentum in a poste-

rior direction that it maintains its position on the surface of the water and also the high

angle to the surface which it presents in sAvimming. The current driven out posteriorly

in the initial closure of the valves is so powerful that water may be squirted by adults

to the height of five inches or more from the surface by tliis action.

In studying the shell we find a feature correlated with the swimming habit in the in-

complete closure of the valves on the eared areas; so that when the free borders of the

valves are in immediate contact there is still sufficient space for excurrent action at these

areas, and the valves close completely at each clap, for there is in swimming a sharp

clicking noise which coidd be caused only by the striking together of the valves. Scal-

lops are said to migrate in bands, being seen swimming in lai-ge numbers at some sea-

sons of the year. They are among the most active of all Pelecypods and a careful study

of theii- habits would doubtless prove fruitful and highly interesting.

As stated, in young scallops, the outflowing water which has served the function of

aeration is jjassed out from the shell at a definite point on the dorsal border as indicated

by the arrow in PI. xxviir, fig. 2. This is equally marked in character and more notice-
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able in the adult. In such tlie watei- is di'iven out so forcibly b}' the rapid ciliated action

of the gills that a rapid gyrating current was imparted to the whole mass of water in a

large dish or preserve jar in whieli the animal was. Fui'ther, several times on turning a

scallop over, so that the excurrent actiou took place in the op|)osite direction, almost in-

stantly the whole mass of water responded and moved in the i-evei'sed course impelled

by the changed direction of the current. The faeces of Pecten may be seen escaping in

pellets, the form of wliich in section is that of a clover-leaf, and they are produced in

more or less drawn-out ropy masses, PI. xxviii, fig. 5; in one instance observed, meas-
uring 14 cm. in length. Eyder (60) observed that the fsrces of the oyster have a distinct

almost horse-shoe form, due to the shape of the intestinal tract and in insects the form

of the faeces is often a specific characteristic. It is possible that a study of this feature

in molluscs might shoAV similar results.

The adult of Pecten irradians is a free swimmer. No indications of a byssal fixation

were seen at this age, and the foot is a highly atrophied organ. I have never seen the

foot extended beyond the margin of the valves in the adult, although it is so active in the

young, and it may then fairly be considered a retrograde and probably functionless organ.

There is, therefore, a series of periods of habits in the life of Pecten. In the prodisso-

conch stage of Pecten (discussion later, section x), it is either a veliger swimmer, or

crawls on the ventral boi-der of the valves; in the eai'ly nepionic stage (PI. xxviii, figs.

1, 9, 10) it is an active crawler, lying on the right valve; in late nepionic and nealogic

stages, it is attached by a byssus more or less constantl}', l)ut also has the power of us-

ing the foot; in the adult, it is a free swimmer and the habits of crawling and byssal fixa-

tion seen in the young are lost. Some species, as Chlamijs (Pecten) varlus, are said to

retain the byssal habit of fixation throughout life.

Frequently Pectens show an extensive loss or injury of the mantle. One adult speci-

men observed had the left lobe on the ventral side entirely wanting, and the correspond-

ing lobe on the right side was destitute of the eyes, tentacles and pigment. The
damaged lobe was bereft of sensation, the creature showing no response when it Avas

pinched or shadowed; but the animal was ai^parently uninjured otherwise. Such injury

is probably due to the attacks of predatory animals, as when lying with its valves wide

open it is an easy prey. Some indications pointed toward disease, and the loss of the

mantle may be due to that cause. That scallops sutfer a severe loss or injury to the man-

tle and recover, is ampl}' proven by frequent specimens of mended shells. The margin

of the shell is not injured by the predatory attacks (if such they are), but further shell

growth is pi'cvented at the injin-ed point by the loss of the mantle. When one mantle

border is injured, the other repairs the damage which would be caused by local want of

shell growth, by curving the shell deposition of the uninjured side rapidly inwards, thus

obviating the deficiency of the injured ai'ea. This ingrowth is probably induced by the

lack of resisting support on the jjart of the damaged border. Adults which have been

thus damaged in youth show that in time the injured mantle border is renewed, and nor-

mal shell de[)osition takes place, the early damaged period being indicated by hollow-

like, uneven depressions in the shell surface. In the oyster I have never seen injuries

to the mantle in living animals, and no evidence of serious injuries, later repaired, are

noticeable in a study of shell growth. The oyster is mare sensitive to touch than the
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scallop, the valves are less Avidely separable, when open, and at time of danger stay shut,

instead of opening almost immediately after closure, as with scallop shells; therefore, the

oyster is less liable to attack, at least from certain classes of enemies, than is the scallop.

A surprising want of sensibility is noticeable in adult Pectens. It is often possible

to insert a quite large body into the shell befoi-e it closes; but the young are more sen-

sitive. Frequently pricking the mantle border with a needle produces little effect in

adults. Both adults and young arc sensitive to light, so that passing the hand or even

a pencil in front of the valves they will quickly close, as descriljed in Pacten jacohceus

by Patten. They open almost immediately, however, and fi'cquently repeated stimuli soon

lose their etfect.

Pecten irradians is hermaphroditic, the reproductive organ is of lai-ge size, and the

two sexual functions are distiibuted regionally. The gland as a whole is roundly tri-

angular, extendiug between the gills on the ventral border of the adductor muscle, while

anteriorly it passes into and is lost in the liver mass. The gland is composed of two dis-

tinctly marked portions or areas. The ventral area is pinkish white and consists whol-

ly of the male or sperm-bearing portion; the dorsal area is brownish-yellow in color and

consists of the female or egg-bearing portion of the gland. The divisions of the organ

lie parallel, but anteriorly the whole mass is male, while the female portion occupies the

larger part of the posterior portion of the organ. The whole gland is moi'e or less pig-

mented with black, especially on its ventral keel. Abundant active spermatozoa were

found in the pinkish or male portion, with well develoi)ed heads and vibratile tails; but no

eggs, it being solely spermatic. In the yellowish-brown dorsal portion Avere found de-

veloping and ripe eggs. The eggs ai'c rounded or pcai-shaped, granular, show nuclei and

resemble the e^g of an oyster, in size and appearance. A few spermatozoa were found

in the female portion, but their presence was probably due to accidental introduction

while examining the contents of the gland, as it is almost impossible to avoid introduc-

ing a few under such circumstances, and we may fairly suppose that the female portion

also produces but one element. The sexual gland of Pecten irradians, it will be seen, is

veiy similar to that of P. glaher, as described hy Lacaze-Duthiers (40).

The gills of adult Pecten irradians are equal in length and differ much from the gills

of the oyster. The filaments of the gills are reflected on themselves to such a length

that the reflected portion equals about two-thirds the length of the direct portion as shown

diagrammatically in PI. xxiv, fig. 12. The reflected borders are free, not joined by con-

crescence with the reflected borders of opposing gill filaments, or with the mantle lobes,

as in Ostrea. The filaments are joined to one another by tlie interlocking of tuft-like,

ciliated nodes, situated at intervals. About 25-30 nodes are borne on each filament,

and the nodes of contiguous filaments are in apposition. A similar structure exists in

Mytilus, and is described by Peck. This connection does not exert a very strong bind-

ing influence, so that when alive the filaments of Pecten are often separated, and in alco-

bolic specimens are notably diseonncf-ted. The ciliated nodes serve to keep the filaments

together, but quite as much to keep them separated, by an interspace to allow of the free

passage of water. In tbe adult Pecten, at intervals of every 11-15 filaments, a delicate

connecting septum oi- wall is developed between the direct and reflected boi-der of the

filaments, PI. xxviii, fig. 3. These walls strengthen the reflected borders and also

^lEMOlK^ UOSTON SUt;. XAT. IIIST., VOL. IV. 4G
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apparently direct currents of water in channels as it flows through the grate-like gill.

When the i-eflected border of the filament ceases to cover the dii'ect border, this Avail is

built into a peculiar plicated ridge or blade, hi (fig. cited), from the direct border of the

filament, and continues in this blade-like fashion to the point of origin of the filament.

The gills are suspended by fasciated membranes which connect the bases of the two

pairs with the adductor muscle, with the visceral mass anteriorly, and with the mantle

lobes posteriorly. Similar fasciated membranes also exist in Anomia ylahra, PI. xxix,

figs. 1-2.

X. Pecten. The Shell.

Characters are found in the young developing shell of Pecten irradians and other

species which are widely difierent from those peculiar to the adults and a consideration

of these features will now be taken up.

The first specimens of young Pecten irradians obtained were found in the drain-pipe

ti'aps at Buzzards Bay on the fourth of August. The youngest of these specimens is

shown in PI. xxviii, fig. 9, viewed from the left ujiper side, while fig. 10 is the same

individual viewed from the right side on which the animal habitually lies. PI. xxvir, fig.

9, is a similar specimen viewed from the uml^onal area of the right side, more enlai-ged.

The prodissoeonch, j), hi the several figures is as sharply marked ofi" from the succeed-

iug dissoconch as in Ostrea, Perna and Avicula, Pis. xxiv, xxv and xxvir. It is sep-

arated from the dissoconch as in the genei'a mentioned, by its form, histological sti'uct-

lu'e and inferi-ed anatomical features. The umbos of the prodissoeonch of Pecten ai'e

directed posteriorly; but they are not as pronounced and arcuate as in Ostrea and Perna.

The structure of the prodissoeonch is homogeneous and laminar, showing fine concentric

lines of growth. There is not the slightest indication of the byssal notch in the prodis-

soeonch valves; but it originates in the initial stages of growth of the succeeding disso-

conch, PI. xxvir, fig. 9 and PI. xxviii, figs. 10 and 13. As was argued when discussing

Perna and Avicula (p. 329), the position of the byssal sinus in its relation to the pro-

dissoeonch shell indicates that the foot of that period of development occupied a position

on the free ventral borders of the valves, its normal position in dimyarian Pelecypods.

The prodissoeonch stage of Pecten was doubtless dimyarian, a supposition confirmed by

the shape of the shell, the position of the foot and the aflinities of Pecten to Avicula

and Ostrea, in which last genus two adductor muscles are shown to exist at that stage,

PI. xxiv, figs. 1-2.

The habits of the prodissoeonch stage of Pecten, we know only from analogy and

the structui'e indicated by the hard parts; but as it differs fi'om the Ostrean prodisso-

eonch in possessing a foot, it may be at this period, a veliger swimmer as is Ostrea or

a purely crawling form. If the latter, it doubtless crawls on the venti'al border of the

valves as is the habit in Pelecypods in which the foot is extended from between the ven-

tral border of the valves opposite the hinge line. Only very young Pectens show the

prodissoeonch still intact, as it is not retained in this genus as long as in the sedentary

oysters, Aviculas and Pernas. The prodissoeonch of Pecten as in Ostrea, Perna, Avic-

ula, etc., is ti'acenble in origin to the N^iiculoid radical, from which the Avieulidaj and

their allies were (U'rived (discussion, section xv, and table, section xvr).
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The succoeding- dissoconch growth in Pecten is clearly and sharply separated oif by
its ehang-ed Coi-in and histological structure. ^7hereas the prodissoconch shell is homo-
geneons and laminar in stiaicture, the succeeding dissoconch of Pecten irradians, in its

early stages, PI. xxv^rir, figs. 9-12, has a thin layer of prismatic cellular tissue in the

right valve, the same feature having been observed in Ostrea, fig. 27, p. 314; also in An-
oniia, as shown in later studies. The early stages of the dissoconch growth of Chlamys
(^Pecten) islandicHS, Chemn., Pecten clislocatus, Say, P. mageUanicus, Gmelin and P.

monotimeris, Con., also show marked pi'ismatic cellular structui'c in the right valve. The
prismatic stricture of these several species does not occur in patches here and there,

but extends over the whole early dissoconch shell in a thin but clearly marked layer.

This is a most interesting fact as adult Pecten irradians does not exhibit any evidence

of jirismatic strnctui'e, though it is well developed in the young. Professor Carpenter

in his first paper on shell structure, in 1844, says that he has seen traces of cellular

structure in the Pectinidse,; but believes that it is not to be considered as constant or pe-

culiarly characteristic of the group. In his later papei- in 1848, he states that he has

since found prismatic cellular structure, thin, but beautifully preserved \n Pecteit nohilis,

which he figures. This is the only case I find mentioned in which ])i'ismatic structure

is known in Pecten. Dr. Dall (16), however, in recent studies of deep-sea molluscs

has observed prismatic cellnlar structure in many species of Amnsium, and in the allied

genera Psendamusium and Propreamusium. In these cases the prismatic structin*e,

though often limited in extent, was not confined to the right valve, as in my observa-

tions of 5'oung Pectens. Dall notes that this structure is especially characteristic of

abyssal species of this group, in which also the shell is extremely thin and fragile. My
observation of prismatic structni-e in the young of five species studied, proves that this

feature which is not a characteristic of the group may yet be found in the yoitng. The
Aviculida?, in which prismatic structure is highly charactei'istic, are in the line of ances-

try of the Pectinidaj. The occurrence of prismatic structure in young Pectens is there-

fore a good example of the principle of acceleration of development which is that

ancestral characters may be found in the young which are wanting in adult individuals.

Althougli prismatic sti'ucture is characteristic of the right valve in young Pecten irra-

dians, the left valve in this and the other species studied has no prismatic layei". In

P. irradians, the left valve in its early nepionic stage is marked by a peculiai' pitted

structure. The degree of pitting varies in different individuals, but in none was it as

marked a feature as in young P. dislocatus, where it is highly accentuated.

In Pecten the shell of the first true dissoconch or ne|)ionic period, PI. xxviii, figs. 9-

10, is mai'kedly different from succeeding stages, as well as from the early completed

prodissoconch stage. The hinge is produced as a straight line and the borders of the

valves descend in a curve from the extreme limits of the hinge line without possessing

the ears which are characteristic of the adult in all species of the genus. The ventral

border of the left valve, fig. 9, has no byssal notch but near the hinge area is produced

in a lobe-like curve, the lobe projecting beyond the border of the byssal sinus of the right

valve as shown in fig. 10. There are no plications of the shell at this stage althougli

these originate early and are characteristic of the adult. The features of the venti-al

lobe, and the absence of ears and plications, give the shell as shown in the figures cited
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a totally diflei-ent asi)cct from that of later stages and also dillerent from any form

known in other species of the genus.

The right valve of young Pecteii, I'rradiaiis, on which it rests, PI. xxviii, fig. 10, is

marked by a deep b^ssal notch, originating as stated in the initial stages of the disso-

conch shell as indicated by the lines of growth shown in the enlaiged figure of the hinge

area in PL xxvii, fig. 9. The border of the notch on ils lower side is marked by a well

defined tooth-like process, PI. xxviii, fig. 10. In later growth, PI. xxviii, fig. 13, more

tooth-like processes develop and they are characteristic of young specimens up to four

or five centimeters in height but none exist in the adult shell. The left upper valve

overhangs the right lower valve by a slight extent along the free margins, fig. 10, as in

young Osti-ea and Anomia. The color of the young shell in both valves is of a light

yellowish-brown.

In the consideiation of Perna (]). 328) it is shown that when the foot lies close up

to the hinge area in Peiecypods a si)ecial notch exists for its extrusion. The notch is

I'equired because if not existent the valves would have to open very widely to allow of

the passage of the foot at a position so close to the i)oint of union of the valves. Per-

haps an equal reason for the need of the notch is the fact that such forms lie on one

valve and drag the shell in crawling by extending the foot over the edge of the lower

valve. They do not creep on the free bordeis of the valves as do ordinary dimyarians

in which the foot is extended from a point far removed from the hinge line by a slight

gaping of the valves, without the aid of any special sinus. As shown on p. 333, JPecten

irradians, when very young, PI. xxviii, fig. 1, has no byssal fixation, the animal leading

an active crawling existence. The notch may therefore be considered as a foot notch

rather than a byssal notch at this period. The existence of a byssus or the constant

extension of an active foot would equally atfect shell growth by exerting pressure on

the mantle boi'der, thus causing its local retraction and retai-ding shell deposition at the

point of extrusion, so that it is not necessary to imply the existence of a ])yssus because

a notch exists at an area whei'e the byssus would be produced if it existed.^ This has

important bearing on fossil forms Avhich are considered as byssated or attached, if a

notch exists in this region; whereas they may with equal i-eason be considered, as far

as the notch is concerned, as free forms which crawled Avhile lying on one side with the

foot extended through a special notch produced by the existence of such a habit. This

mechanical explanation of the formation of the notch in Pecten shows what close re-

lations may be traced between the form of hai-d parts and the anatomy and habits of

the animal.

A view of the hinge area and byssal notch of a Pecten of the same age as the above

considered specimen viewed fi'om the right side is shown in PI. xxvii, fig. 9. The re-

lation of the prodissoconch to the dissoconch and byssal notch is clearly indicated and

it is noticeable that the left umbo jirotrudes beyond the right. This is due to the greater

convexity of the left valve, as is also noticeable in Chlamys islandtea, PI. xxvir, fig. 8.

The early nepionic stages of Pecten niagellanicus, P. dislocafun (ti'accd by following

'III this connection a comparison may bo made of the PI. xxix, fig. 6. The early condition of Pecten does muph
early nepionic sheU of Pecten, PI. xxvni, tig. 10, viewed to elucidate the somewhat similar form of shell growth of

from the right side with a similar view of young Anomia, yonng Anomia.
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the lines of growth) P. testoe aiul Chlamys islandica, PI. xxviii, fig. 14, agree with the

same stage of P. irradians, PI. xxviii, figs. 9-10, in the form of valves. This form

may therefore be considered as typical of the first stage of growth of the dissoconch

shell of the group. In stud} ing genera of the palaeozoic Avicnlidje, we find genera that

agree closely in appearance with the young shell of Pecten; especially when it is viewed

from the left side as in Pi. xxviii, fig. 9. The genera Actinoptera, Leiopteria and Lepto-

dosma, as figured in Hall's Paljeontology of New York, are very comparable to this early

stage of Pecten. A still nearer comparison ma}^ be made in species of the Silurian ge-

nus Ehombopteria (gen. nov.) fig. 51, section xvi, which ai'e closely comparable to young

Pecten in all the species observed. Rhombopteria is selected as the primitive radical of

the Avicnlidse and their allies (see discussion and table, section xvi),andit is one of the

best proofs of the correctness of that view that the nepionic stage of Pecten so closely

corresponds with that early t^'pe. In the studies of Avicula and Perna, the young of

those genera, fig. 32, p. 330, and PI. xxvii, fig. 1, is compared closely to the same an-

cient genera to which I have jnst compai'ed young Pecten. A comparison of young Pec-

ten, PI. XXVIII, fig. 9, with the similar pei'iod of growth of young Avicula and Perna,

in the figures cited, shows that at this early age the three genera are closely similar.

Differences in the angles of contour exist, especially in the hinge line; but they are

slight in degree, and the im])ortant ])hylogenetic conclusion ma}' be made that these

genera in the nepionic stage are so alike that they are referable in theii* inherited form

to the same ancestral types. Tims we see that the form as well as the prismatic struct-

ure of the shell of young developing Pectens may be traced to ancestral types from

which the genus was evolved.

A stage of shell growth in Pecten irradians, PI. xxviii, figs. 12-13, later than that just

considered, shows the beginning of features characteristic of the family and species to

which the young scallop belongs. Plications similar to those of the adult begin to be

marked in either valve and ears to be developed, as shown in fig. 12, viewed from the left

side, and fig. 13, viewed fi'om the right side. The byssal notch is strongly marked, as

in the earlier stage, and it is to be observed that the notch is much deeper relatively in

this early, active, creeping stage than in the adult, where the use of the foot as a creeping

organ is lost. The base of the byssal notch, fig. 13, shows four marked, tooth-like pro-

cesses, of which one only was present in PI. xxviii, fig. 10. These teeth may pi'ove of

value in tracing relationshijis; but their function, if any exist, is not understood. The
plications of the shell are clearly defined and originate suddenly, indicating a stage by
their introduction. The plications are like those of the adult, fig. 37, p. 333, and they

are the same which are retained thi'oughout life, no new plications, originating by bifur-

cation or interposition, in this species. The left upper valve does not extend beyond the

right valve on its free margin as in the earlier stage, fig. 10.

A later period of growth in Pecten irradians is shown in PI. xxviii, fig. 2. The ears

are more accentuated than in the pi-evious figures, though they do not beai- to the whole

shell the same relative size and shape, as in the adult, fig. 37, ]). 333. The hinge line of

this stage, fig. 2, is much shorter than in the earlier stage, PI. xxviii, figs. 12-13, but

much longer relatively to the breadth of the valves than in the adult. In other features,

excepting the depth of the byssal notch, this age does notdifter essentially fi-om the adult



346 ROBERT TRACY JACKSON ON THE

in the form of the shell. Differences in the amitomy and habits, however, exist, as dis-

cussed in previous pages.

I have shown that the early, nepionic shell growth of Pecten, PI. xxviir, figs. 9-10, has

a form referable in origin to the adults of ancient members of the Aviculidtc, and I be-

lieve that the form of the later shell growth is also of phylogcnetic significance. The
hinge line of Pecten irradlans, in PI. xxviii, figs. 12-13, is relatively long as compared

with the condition foiind in the adult of this or other species of Pectens, and correlative-

ly the ears are very slightly developed as compared with the adult. The same condition

of relative great length of hinge line and want of development of the ears is seen in sim-

ilar stages of development of Chlamys (Pecten) islandica, PI. xxnn, fig. 14, Pecten

magellanicus and P. dislocatus; therefoi-e it may be considered as typical of develoj)ing

Pectens. In Hall's Palaeontology, Vol. v. Part i, we find forms of Devonian Pectinidae

under the genus Pterinopecten which agree closely with the form of shells here figured

in developing modern Pectens. The agreement is in the relatively great length of the

hinge line and slight production of ears, which features chai-acterize Pterinopecten and

separate it from the nearly allied genus Aviculopecten. Pterinopecten is the least re-

moved from the Aviculidje, and is the simplest Iviiown form of the Pectinidae. The

young of Pterinopecten resembles the adult of Rhombopteria and the adult resembles

the young of Aviculopecten and Pecten (see section xvi). It forms, therefore, a strong

link in our phylogcnetic series, and is placed as the first departure from the Aviculidae

in the Pecten line of variation (see discussion and genealogical table, section xvi)

.

The palaeozoic genus Aviculopecten, as amended by Hall, differs from Pterinopecten

in a greater production of the ears and in a relatively shorter hinge line. Turning to the

developing shell of Pecten irradians, we find that the later growth, PI. xxviii, fig. 2,

differs from the earlier growth, PI. id., figs. 12-13, as Aviculopecten differs from Pter-

inopecten. The same stage also differs from the adult fig. 37, p. 383, as Aviculopecten

differs from Pecten. This later stage is therefore traceable to Aviculopecten as its an-

cestral representative, and also the position of Aviculopecten is clearly indicated in its

relation to other genera (see discussion and table, section xvi).

The prodissoconch of Pecten as stated (p. 342) is referable in origin to the Nuculoid

radical, represented in the development of the Aviculidae and their allies as illustrated

by typical genera. It is further shoAvn that in the development of a modern Pecten we
find in the first stages of dissoconch growth a form of shell, PI. xxviii, fig. 9, iDresenting

characters which make it referable in ancestral origin to Rhombopteria a member of the

true Aviculidae, later succeeded by a growth, PI. id., fig. 12, bearing marked features

referable in origin to an ancestral genus Pterinopecten, which is ti'ansitional between

the Aviculidjia and the Peetinida?. Still later a stage exists PI. id., fig. 2, -which is ref-

erable in its inherited f )rm to Aviculopecten, and finally, the true Pecten features char-

acteristic of the adult, fig. 37, p. 333, are established. The geological sequence of

these several groups is in the order indicated by the development of Pecten. We have,

therefore, a clear case of the ontogeny of an individual illustrating the phylogeny of a

group (see table, section xvi).

As further substantiation of my position that the Pectinidae were evolved from the

Aviculidae, it may be noted that in the Challenger report, Vol. xin, part xxv, Professor
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Smith figures a deep-sea species, which he calls Pecten aviculoides, on account of the

close resemblance which it bears to Avicula, although he considers it a Pecten. Again,

a fossil fi'om the Lias shales, as Professor Carpenter notes, was by one author named
Avicula and by another Pecten, the mixture of characters being such as to sanction its

being placed in either genus, according to the value attributed to different features.

Carpenter affirms that it is a true Pecten because of a coarse shell structure like Pecten

and an absence of prisms found in Avicula. Both these forms may properly be consid-

ered as representing in the adult a combination of types which I have shown is traceable

in early stages of the develoi)ing young.

Whereas very young specimens of Pecten irradians ai'e yellowish-brown, older young
and adults are commonly bluish-gray, the coloration often being less or wanting in the

furrows of the upper, left valve. The lower valve may be of the same color as the up-

per, but is generally less pigmented, especially in young individuals, and specimens are

frequent in Avhich the upper valve being dark blue-gray, the lower is nearly or rpiite

white. This difference l)ears a direct relation to the amount of light to which the two
valves are exposed, tlie ])aler being the lower valve, which is constantly turned away
from the light. In studying other species of Pecten, many of which are highly colored,

we find that the same condition exists, the lower right valve lieing Avhite, or of a paler

color than the left upper valve, which may be brilliantly colored: I'ed, brown or yellow.

An example of a striking contrast is jhnuskcm (Pecten) jcqwnicum, in which the upper

valve is rich red, the lower, pure white. In the Spondyli, which are attached by the

right valve, the lower valve also is white, or paler than the upper left valve, which is

turned toward the light and is often highly colored. Fischer notes the difference in

color of the valves in Spondyli, and states that an abyssal species of Spondylus has both

valves blanched. This relation of the coloration to the amount of light received by the

two valves in bivalves is more or less noticeable in the lower and upper side of univalves

and is briefly considered by Tryon. Dr. Dall (16) considers the allied subject of the

coloration, surface marking and thinness of the shells of abyssal species, in his interest-

ing conclusions published in the Report of the Blake Mollusca.

Pecten rnagellanicus Gmelin (P. tenuicostatus, Mighels). A number of young speci-

mens of this laj-ge species measuring from 2-6 mm. in height were dredged at several

stations by the U. S. Fish Commission Steamer Albatross. They ai-e entei'ed as No. G2307

in the Smithsonian Institution Catalogue. Sharply-defined but quite small prodisso-

conchs, like those figured in Pecten irradians, mark the umbos of all well-preserved spec-

imens. Fig. 38, p. 348 represents one of the smaller specimens. The early dissoconch

as indicated by the lines of growth is similar in form to Pecten irradians, PI. xxviii,

figs. 9-10, no ears having develoi^ed and there is a deep byssal notch in the right valve

although it is slightly indicated in the adult. The byssal notch of the right valve, how-
ever, bears no teeth as in the other species described. The hinge line equals nearly the

whole width of the shell as in Pecten irradians, PI. xxviir, fig. 12; but, as in that species,

differs in this character from the adult. Tlie hinge area on either side of the cartilage

pit bears a wide hinge plate, sinuous in outline and marked by numerous flutiugs. The
flutings are nearly perpendicidar (o the hinge line, but are slightly inclined toward the

umbos. Although cliaiacteristic of the young, this hinge plate is wanting in the adult.
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A similar hinge plate exists in Pecten jnonotimei'is, Con., and it is desci-ibed by Dall (IG)

in the young or adult of several species of Pecten, and in Pseiuhvnuisiuni and Diniya.

This fluted plate, Dall considers as a form of dentition augmenting the strength of the

hinge line (on the hinge of Pelecypods, etc., Am. Jour. So. Dec. 1889).

The right valve of Pecten magellanicus has a thin layer of well defined prismatic

structure, fig. 39, and the prisms are larger than those observed in other species of Pec-

ten. They are peculiar in being for the most part almost quadrangular, and are arranged

with extreme regularity parallel to the lines of growth; but where slight fractures have

induced irregular shell growth, they are polygonal as in other species of Pecten. The
right valve in the young specimens studied seldom shows radiating striic but they some-

times exist slightly emphasized in the last-formed portion of the shell, as series of dis-

FiG. 40. connected knobs. The ventral ear of the right valve,

on the contrary, bears coarse costse crossed by imbrica-

ting lines of growth. In the adult, the radiating ridges

of the right valve are much flatter and less accentuated

than in the left upper valve. The left valve, fig. 38,

after the earliest nepionic stages, which are smooth, is

marked by a stage of concentric and radiating ridges

both sharply defined and dividing the shell surface into

sunken squares. Knobs or bosses ornament the inter-

section of the ridges. The structure seen here is a com-
mon form of surface ornamentation among fossil Avi-

culidae. This peculiar marking of the early stage is

very characteristic although limited in extent and ceases

suddenly being succeeded by fine somewhat sinuous

radiating i-idges which are retained thereafter, and

are characteristic of the adult.

Some adult specimens of Pecten magellanicus, fi-om

the Georges' Banks, are interesting for a comparison

with the observations on anatomical featui'es of P. irra-

dians. The species is well fitted for study on account

of the size, adult specimens measuring 15 cm. or more
The adductor muscle is double and the two portions are sti'ongly accent-

The borders of the two poi'tions of the muscle ai'e free on their limits and at

Fig. 39 Fig. ;

Fig. 38.—Loft and right valve of young

Pecten magellanicus, showing fluted hinge

plate byssal sinus, and marking of the left

valve characteristic of the period of de-

velopment. X 18 diam.

Fig. 39.

—

Pecten magellanicns, prismatic

structure of right valve. X 90 diam.

Fig. 40.

—

Pecten dislocatu^, prismatic

structure of right valve. X 90 diam.

(Original specimens in Smithsonian In-

stitution, Washington (drawn by J- U-

Emerton).

height.u\

uated.

the point of insertion in the shell produce two well-marked impressions instead of a

single slight one as in Pecten irradians. There is no posterior retractor muscle of the

foot in this species; but it quite likely exists in the young, as that bears evidence in its

shell, fig. 38, of being an active crawlei-. The foot is marked by two clefts, the distal

one for crawling, the proximal one the seat of the byssal gland as in Pecten irradians^

The mantle as in that species, has a thick marginal perpendicular wall, decreasing at the

eared areas and thickly set with guard tentacles, extensible tentacles and eyes, indicat-

ing similar habits to those described in Pecten irradians. The gills, intestine, and re-

productive body are also the same as may be observed in Pecten irradians.

Chlamys (Pecten) islandlca, Chemn. sp., specimen No. 27294, Smithsonian Institution
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catalogue, is a young individual 3 mm. in height. This specimen is figured in PI. xxviii,

fig. 14, as viewed from the left side and PI. xxvn, fig. 8, is the umbonal area more mag-
nified, viewed fi-om the right side. The prodissoconch is sharply defined and the um-
bos are directed slightly posteriorlj^. It bears concentric lines of growth, no indication

of a byssal sinus and is homogeneous in structure. The succeeding dissoconch is yel-

lowish-brown and in its early stages has a well-defined, prismatic layer in the right

valve. In the oldest period of this young specimen no prismatic layer exists, the struct-

tn-e being lost thus early in shell growth. The left valve has a punctate sti-ucture as

mentioned in some other species. The early nepionic stage as discerned by following the

lines of growth is seen" to be similar in form to the nepionic stage of Pecten irradimis,

PI. XXVIII, fig. 9. The left valve is marked by a deep byssal notch, PI. xxvii,fig. 8, the

lower border of which bears teeth similar to those of Pecten irroAiians and these teeth

exist also in the adult of Chlrmiys islandica. At the close of the smooth, early nepionic

stage of C. islandica, we find radiating plications similar to those of the adult originat-

ing at a definitely marked area, PI. xxviii, fig. 14. New plications develop in succeed-

ing growth between those first formed, instead of the first formed being the only ones

built as in Pecten iri'adAans. The hinge line is very long proportionately to the width
of the shell as compared with the adult condition; the same feature being characteristic

of the young of all the species described. The ears in this early stage are nearly equal,

whereas in the adult the ventral (anterior) ear is characteristically much larger than the

oi^posite or dorsal ear.

Pecten dislocatus, Say. A number of young specimens of this species are in the collec-

tions of the Smithsonian Institution, under the catalogue number G2278. They were

dredged off the coast of the Carolinas at several stations. The specimens vary from 3 to

13 mm. in height. All the youngest show a prodissoconch like that of Pecten irra-

dians, PI. xxvin, figs. 9-10. The prodissoconch bears fine concentric lines of growth,

has no indication of a byssal notch and is not prismatic ; also the umbos are directed pos-

tei-iorly as in all this group. The right valve has in eai-ly nepionic stages a well-defined

prismatic layer, fig. 40, p. 348, the prisms being of about the same size as those in P.
irradians and Chlamys islandica, but smaller than those in Pecten magellanicus. Con-
versely, the left valve has no prismatic layer; but it has a very charactei-istic pitted struct-

ure in its early stages. The pits are not deep, but numerous and very closely related

to one another. They disappear with the close of the smooth nepionic stage. A similar

structure is described in some other species; but in none, unless P. testce, is it as notice-

able and clearly marked as in this species.

The early nepionic stage of Pecten dislocatus, as ascertained by following the lines of

growth, which are particularly well defined in this species, is seen to be of the same form

as that of Pecten irradians, PI. xxviii, figs. 9-10. No ears exist at this period and the

hinge line in length equals the entire width of the shell. A deep byssal notch exists in

the right valve originating with the close of the prodissoconch stage. In later growth
plications in the shell originate suddenly as in Pecten irradians, PI. xxviii, fig. 12, caus-

ing by their introduction a marked stage as in that species. Ears also develop with suc-

ceeding growth and the hinge line gradually loses its great length proportionately to the
MEMOIItS BOSTON SOC . NAT. HIST., VOL. IV, 47
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width of the shell. The base of the byysal notch bears a nimiber of teeth like those of

Pecten irradians and Chlamys Islandlca, but they are wanting in the adnlt.

Pecten testce. In the Jeffreys collection, now in the Smithsonian Institution, there are

two very young specimens of this species, catalogued as No. 62607. I saAvthem in Wash-
ington, but did not borrow them as I did specimens of the above desci-ibed species. From
a drawing made at the time (previous to my studies of other young Pectens) the upper left

valve exactly agrees in form and is of about the same size as Pecten %rradians,V\. xxvin,

fig. 9. A prodissoconch like that of P. irradians and other species exists in my drawing

of the specimen. The early dissoconch shell has no ears and is compai-able to ancient

forms of the Aviculidse as discussed in considering the same period of development of

Pecten irradiaiis^^y\i\\ which it agrees in form as far as my di'awing indicates. Minute,

punctate structure of the dissoconch was observed in this species similar to that noted

in Pecten dislocatus; but I cannot say whether piismatic structure exists although in all

probability it does.

Specimens of Pecten monotimeris, Con., recently received from California, have a sim-

ilar prodissoconch and nepionic stages to those described in P. irradians, as ascertained

by following the lines of growth. In the nepionic stage, the right valve has prismatic cel-

lular structure and the left valve punctate structure as in P. irradians, but as in that

species these features are early lost.'

XI. Genera allied to Pecten.

Of the genera here considered I have had only limited opportunities to study the young;

for, as conchologists commonly pay little attention to the young of molluscs, it is a diflfi-

cult matter to obtain early stages of genera not living in our own waters.

Hinnites, PI. xxvi, figs. 3-4, is a genus closely related to Pecten, but as it has been

described in section vii, I will give only Ijrief supplementary notes at this point. It

is shown, p. 324, that Hinnites cortesi is pecteniform and I'egular when young; later it

solders one valve to a foreign body and with this change in habit assumes an iri-egularity

of growth rendering its valves, especially the attached one, comparable to Ostrea in form.

The form of the valves is ascribed to the condition of cemented fixation. The relation

of Hinnites to Pecten I believe is directly comparable to the relation of Ostrea to Perna;

the difference being that Hinnites in the nepionic and nealogic stages is free or byssated

and then retains the ancestral Pecten features. It does not become attached and assume

the ostrean irregular growth (wiping out early characters) until a comparatively late

stage of development, PI. xxvi, fig. 3. On the other hand, Ostrea is attached at the

close of the prodissoconch period and at once assumes the ostrean foi'm, by this means
ei'adicating features which might otherwise render the early dissoconch growth compara-

ble to the ancestral Perna or Perna-like foi-m. The age at which fixation takes place

varies somewhat in individuals, as may be seen in series of specimens of Hinnites gi-

ganteas. That species is instructive as showing how, in the development of the individ-

ual, the imbrications of the lines of growth in the nealogic pecteniform stage gradually

become more and more produced, until in the adult they form spinous })roductions of the
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valves. The spines of the left (free) valve are comparatively sharp and aeicular, while

those of the right (attached) valve are flatter and spathulate ; though both forms of spines

may be serially traced to the imbrications of the young, where they are alike in both valves.

Spondylus as a genus of attached Pelecypoda naturally draws attention in these studies.

It is cemented by one valve and its irregular, inequivalvular shell, PI. xxvi, fig. 1, has

been ascribed to the conditions of cemented fixation (vide pp. 318 and 323) . The cam-
erated structure of Spondylus has been also considered and I wish here only to describe

the young.

In the collections of the Boston Society of N'atui-al History are specimens of Spondijlus

asjJen-i/mus, Sby., from the Pacific Islands, bearing the catalogue luunber HIOI. The up-

per left valves of the specimens are j^roduced on the hinge line as slightly developed ears

and have a decidedly pecteniform aspect, as is characteristic of this valve in living and
fossil Spondyli. The lower right valves which are or have been attached, are composed
of highly irregular, concentrically rugose and spinous shell growth, as is also characteris-

tic of species of this genus. One of the specimens of a right valve, however, is very well

preserved up to the initial stages of growth. At the umbo of this well-preserved speci-

men of Sj}Otidylus asjjerrimus, PI. xxvrr, fig. 4, is a prodissoconch similar to that described

in species ofPecten. The prodissoconch is rounded or oval in outline and is clearly marked
olF from the succeeding shell growth.' It is not sufficiently well-preserved to show lines

of growth ; but it has no byssal notch which exists, however, in the first stages of the

succeeding dissoconch growth, as in Pecten, PI. xxvii, fig. 9. The first nepionic stage of

shell growth in Spondylus, as shown in the figure, is pecteniform. It has a long hinge line

relatively to the width of the shell at that age, and a deep byssal sinus. As in the pro-

dissoconch most of the lines of growth of this early stage have been worn ofi". At the

close of the pecteniform stage the animal became soldered to a foreign body and the suc-

ceeding shell deposition, aftected by the new condition of cemented fixation, has assumed
the irregular and rugosely distorted growth chai-acteristic of young Spondyli. In the

first stages of the irregular growth, the byssal notch is soldered over, and eradicated in a

similar fashion to that shown in Hinnites, PI. xxvi, fig. 3. A prodissoconch and nepi-

onic stage similar to that described in Sjwndylus asperrimus, has been observed also in

specimens of S.croceus, Chemn. and 8. variegatus, Chemn. sp.?, at the N'ew York State

musemn; and in S. dacalis, Chemn. and S. varians, Sow., at the Peabody Academy of

Science, in Salem.

The above description of the development of the shell of Spondylus is directly com-
parable to what has been described in the shell of Hinnites. Both valves before fixa-

tion are pecteniform in these genera; as soon as attached the lower valve loses this early

existent, ancestral feature and assumes the irregiUai-ity characteristic of attached Pele-

cypoda with of course the peculiar order of irregularity normal to Spondylus or to

Hinnites. As the lower valve becomes iri-egular and distorted, the upper valve in both

genera, acting in sympathy, becomes irregular also; but, as previously claimed, the dis-

'A specimen of a left valve of a young Spondylus, in tlie valve. It is rounded, with slightly developed uml)os. Its

Smithsonian Institution collections, catalogue No. ()2242, limits are mai-ked oil' from the succeeding dissoconch as in

shows a prodissoconch like that described above in a riglit PI. xxvn, flg. 4, of a right valve of S. asperrimus.
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tortion of the upper free valve is seldom as great as the distortion of the lower cemented

valve. Specimens of Spondylus imperialis, Chemn., in the Society's collections, show
the remarliahlc condition of being perfectly eqiiivalvnlar. Both valves have ears on

the hinge line and thongh spinous, both are equally so. The right valve has no triangu-

lar hinge area or talon and the umbos of the two valves are closely related. Studying

these shells, I found no evidence that they had been attached during any period of their

growth. With this freedom from fixation we have, therefore, an equivalvular shell which

is a wide departure from the typical condition of the genus.

The conclusion an'ived at that the free valve of attached, cemented Pelecypods is

least modified and therefore retains more of the ancestral characteristics, which are nearly

or quite eradicated from the cemented valve (section vii), thus finds strong support in

Spondylus. In many figures of fossil Spondylus, published by MM. d'Orbigny and Pictet,

(also see PI. xxvi, fig. 1), we find striking dissimilarity in the two valves, the attached

one being always the most modified. The free valve which is least modified i-etains in a

marked degree, especially in the young, characters which arc traceable to the Pectini-

dse, from which the Spondyli have doubtless evolved. I have not dissected a Spondy-

lus ; but from published notes gather that this genus is closely connected with Pecten by
anatomical features.

Plicatula is a genus placed next in kinship to Spondylus, the anatomy being similar

according to authors. Some very young shells of Plicatula marginata, Say, PI. xxvn,
fig. 5, from the Miocene Tertiaries of North Carolina present features of interest. A
distinct prodissoconch, similar in form to that of Pecten and Spond} lus, exists. It is

rounded with slightly developed umbos which are directed posteriorly. The specimens,

as shown in the figure, bear a considerable resemblance to yoiing oysters of a similar

age; and as it may be thought that a mistake has been made in the identification, I may
say that they show the typical teeth of Plicatula, also series of specimens have been traced

from the very young to the mature condition. The prodissoconch umbos in specimens of

Plicatula, when attached to the object of fixation, PI. xxvii, fig. 5, point to the right of

the observer viewing them from above, whereas in Ostrea, PI. xxv, figs. 1-5, they point

to the left, which is due to the fact that Plicatula is attached by the right valve, where-

as Ostrea is attached by the left. In both genera, the prodissoconch umbos are directed

posterioi'ly relatively to the anatomy which is known directly or by analogy to have ex-

isted at the close of the prodissoconch period.

The early nepionic stage of Plicatida, PI. xsvir, fig. 5, is very similar in appearance

to a young oyster, as stated. The lower i-ight valve is flat and closely related to the

object of fixation, while the upper left valve is convex.' No byssal notch is discover-

able in the earliest stages of dissoconch growth, and this feature, together with the

form of the valves, indicates that Plicatula became permanently attached at the close of

' It has been observeil by authors, that the upper valve served specimen of PUcattda marginata, from the Tertia-

of fixed Pelecypods, such as Ostrea and Anoniia, also uni- ries, in which the free valve reproduces with beautiful

valves, as Crepidula, frequently siuuilates the outlines of exactness the structure of a Bryozoon over which the at-

the object of support, ridges, knobs, etc., on the foreign tached valve was growing. Not only a general copy is

body, Ix'ing perfectly reproduced in the free valve. The made, but each cell is outlined in the njiper valve of the

most striking case of this, I have .seen, is in a finely pre- I'licatula.
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the jjrodissoconch stage, as is conclusively shown to be the case with oysters. Adult

Plicatala marginata, is deeply plicated ; but the plications, as in plicated oystei*s, do not

originate until the shell growth extends beyond the limits of the object of fixation.

Plicatula, taken in connection with the preceding genera, is a valuable proof of the

correctness of the conchision that cementation destroys indications in the shells of Pel-

ecypoda of their ancestral relationship. Pecten, Hinnites, Spondylus and Plicatula may
be serially connected in the order indicated by a study of the shell, and from what I can

gather, the anatomical features would present a similar series. Using some license so

as to express it graphically, one may say: solder a Pecten when partly grown and the

succeeding growth is irregulai', forming the genus Hinnites, PL xxv'i, figs. 3-4; solder a

Pecten at a much younger period and the succeeding growth is irregular, forming the

genus Spondylus, PI. xxvn, fig. 4; solder a Pecten at the close of the prodissoconch

stage, before any dissoconch growth has taken place, and the succeeding growth is ir-

regular, forming the genus Plicatula, PI. xxvir, fig. 5. In all, the irregularity of growth
commences with the introduction of the cemented period. Spondylus is probably a branch

from Pecten through the intermediation of Hinnites, which unquestionably is closely

akin to Pecten. So near are Spondylus and Hinnites, that Stoliczka says some fossil

forms, first considered as Spondyli, have since been transferred to Hinnites.

Brief studies of Lima have been made. Lima has a perpendicular mantle wall like

that of Pecten which is shown to be so actively functional in swimming, and it jirobably

subserves the same purpose in Lima, as the swimming of that genus, described by Dr.

Jeffreys (see Tryon), is performed similarly to that of Pecten. This difference exists,

however; Lima swims with the plane of the edges of valves perpendiculai', whereas in

Pecten they are horizontal while swimming. Prom the shape of the mantle walls and
shell, also from the description of the swimming movement, it appears that in Lima the

excurrent flow of water which propels the animal all takes place through one eared area,

the ventral, instead of alternately from either ear as in Pecten. In the species of Lima
examined, there were no guard tentacles on the free borders of the mantle walls as in Pec-

ten, PL xxviii, fig. 4, but Jeffi-eys' descrijition of Lima includes such organs. The margi-

nal tentacles at the base of the perpendicular wall are thick and numerous. Dr. Jeffreys

describes them as twining actively and presenting a tenacious prehensibility, grasping the

fingers when approached toward them. This prehensibility I have described in Pecten
though it is there less marked in degree. The gills of Lima have the reffected portion of

the filaments equal in length to the direct portion, and the tip of the reffected portion

of each lamina is again reflected, presenting an abbi-eviated additional lamina.^ The gills

of Lima differ from those of Pecten in that the separate filaments are joined by bars

which form a direct concrescence of the several filaments instead of by the interlocking

of ciliated processes, as in Pecten ; and in this character Lima agrees with Ostrea.

A young Lima elliptica, in the Jeffi'cys' collection at the Smithsonian Institution, shows
a well-marked prodissoconch. In a di'awing which I made at that museum, PL xxvii,

fig. G, the prodissoconch is sharply marked off" from the succeeding dissoconch, and it

' In Pecten irradians, the tip of the rctluctcd filamciits Lacazc-Piitliiers also observed siieh a brief redectioii ill

is bent back on itself slishtly, PI. xxrv. ti-j;. 12, indicating the outer Ulanients of Auomia.

the initial stages of such an abljreviated additional lamina.
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has well-developed iimlws. The succeeding dissoconch is liniaform, but no pi'ismatic

structure was observed as in young Pectens; it may, however, exist in vvell-jjreserved

sijccimens.

Fig. 41. FIG. 42.

Fig. 41. Adult Anomia glabra viewed from the

Xn. Anomia. Anatomy and Habits.

Anomise freely attached themselves to the glass slides in my drain-pipe traps and
therefore I had an opportunity to study the young under this favorable condition with

tran.smitted light. The species is Anomia glabra, Verrill, figs. 41-42, which is abun-

dant in the shoal waters of Buzzards Bay, often covering shells and stones as thickly as

do oysters.

Anomise have not in the same degree as oysters the power of resisting drying which

is so characteristic of that mollusc, and rarely set at points which are long exposed at

low tide. They grow rapidly and some speci-

mens attached to glass slides measure 25 mm. in

height, tlie result of the summer's growth. These

almost equal the adult in size as the latter rarely

exceed 40 mm. Examining Anomise where a num-
ber are attached to a single rock or shell, it will

be found that the longer axes of the sjiecimens in

most cases are nearly 2:)arallel, the i-everse of the

condition of oyster spats, where the axes point

at every angle in the plane of the surface of at-

tachment. This parallel arrangement in Anomia
seems to bear a relation to the direction of strong-

est currents, the animals arranging themselves

during their early locomotive stage in the plane

of least resistance and afterwards becoming permanently fixed in this position. On the

other hand, oysters which have no crawling locomotive stage, pay no attention to prevail-

ing currents in their position of fixation. A marked case of animals arranging them-

selves with regard to currents was observed in Crepidula fornicata, PI. xxin, fig. 22.

Large numbers of colonies were found at Buzzards Bay like the figure in which all the

individuals were headed one way. This arrangement in one plane does not always hold

in Crepidulas as they may be arranged at different angles; in such cases we may rea-

sonably suppose that no strong prevailing curi'ent existed in the location where the ani-

mals grew.

Anomia was formerly considered as related to Brachiopods, but such a connection has

long been disproven. Forbes and Hanlc}^ and Lacaze-Duthiei's compared Anomia to

Pecten; but notwithstanding this, a close relationship of the genus to Ostrea has been

as a probability quite generally entertained. This assumption appears founded on a

certain similarity of the shell of Anomia to an oyster, especially a young oyster. Anomia
belongs to the same broad group as the oysters, as proven by features of anatomical

and shell structure; but it is more nearly related to Pecten than to Ostrea. Previous

studies have shown that the form of the shell in Pelecypod.s is often liigiily modified by

right, lower side; natural size.

Fig. 42. The same in protile view,

ney's Gould.)

(From Bin-
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special conditions, as the cementation of a valve, or by anatomical features and habits of

the individual. I think therefore that the peculiarity of the shell in Anomia may be con-

sidered as an adaptation to its environment' and not due to any genetic connection of the

gi'oup. On this question we have the support of the conclusions of Professor Lacaze-

Duthiers, who in his well-known paper on Anomia epliipij'mm, L., says: "...
I'ossicule de I'Anomie est un byssus, et toutes les anomalies sont la consequence de la

position de I'animal sur la cote droit, et de la soudure dn byssus aux corps etrangers."

His studies were anatomical, based on the ambiguoiis adult and it is my pleasure as a

result of studies of the young, to be able to show conclusively the correctness of some

of the deductions of the eminent French investigator.

The youngest specimens foimd alive on glass slides were about the size of PI. xxix,

figs. 5-6. At this age and up to a considerably later period of growth, the young are

freely locomotive, crawling actively at iutei'vals by prolongation of the highly developed

foot. The lines of gi-owth in fig. 6 indicate that, when very young, the byssus was on

the extreme margin of the valves ; but in this figure the byssal sinus has already become

sub-central in position and partially enclosed by the growth of the right valve. At this

age the byssal fixation is only maintained a part of the time, or perhaps more correctly

speaking the byssal attachment may be said to be voluntarily and frequently abandoned.

The byssus of this early period is composed of a series of bundles of threads which flatten

against the surface of the glass as seen from the right side through the glass to which it

is attached. The byssal hold at this age is an act of volition on the part of the animal,

as if paralyzed with cocaine they may be easily washed oft' a glass slide by a stream from

a pipette, whereas in the normal condition they cannot be dislodged by any force short

of scraping. The cocaine treatment is a good method to employ in collecting very young

Anomise attached to shells, rocks, etc., because if scraped off, the lower valve, which, in

this species, is of extreme tenuity, is almost certain to be destroyed. When older the

byssal attachment becomes permanent by the calcification of its tip.

A young Anomia viewed fi-om the left side is shown in PI. xxix, fig. 1, and the reverse

or right side of the same individual seen through the glass to which attached is shown

in fig. 2. The relations of these views to one other and to the adult described by La-

caze-Duthiers are of much interest. The single adductor muscle of the valves, ad,

figs. 1-2 (also in the diagram PI. xxrx, fig. 3), is situated a short distance below the

heart, li. It is very small relatively to the size normally found in Pelecypods, a fact hav-

ing important bearings. This is the only muscle indicated in the left valve which passes

to the right valve or which finds its counterpart in that valve and the same condition ex-

ists in the adult. A large byssal muscle, hm, fig. 1, inserted in the left valve passes to

the foot and byssus, the calcified attachment of which is shown at hs, fig. 2. The byssal

muscle at its insertion in the loft valve has a peculiar sinuosity in its posterior face

which is not understood. A posterior retractor of the foot, p?*, figs. 1 and 3, is attached

to the left valve a short distance from the byssal muscle and close to, but separated from,

the adductor. It is somewhat i-emai-kal)le that the posterior retractor lies on the ventral

border of the adductor, as the typical position of the posterior retractor in Pelecypods

'In Anoiiii;!. the slu'll itself is not cpmentod to forpisrn is by means of tlie oalcilioiition of the byssal tip, and is

bodies as iu the ostreau forms considered ; the attacliment not to be confouudotl with the cementation of one valve.
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is on the dorsal Iwrtler of the adductor, as in Mja and Modiola, PI. xxv, figs. 9-10. The

fibres of the postei'ior retractor pass forward to their insertion in the foot and merge

with the byssal muscle as distinctly seen from the left side. An anterior retractor of

tlie foot, ar, figs. 1-3, is inserted in the left valve near the umbonal region. Whereas in

the young the adductor, posterior retractor of the foot and byssal muscles are distinct

and sepai-ate, in the adult they are i-endered ambiguous by being in close contact with

one another, although making three separate scars in the left valve of the shell. The

true nature of the muscles of the adult, as described by Lacaze-Duthiers, is therefore

seen to be clearly apparent in the young.

In young Anomia attached to glass slides where the action of parts may be observed

through the very translucent valves, it is noticeable what an active part the byssal and

retractor muscles of the foot take iu pulling down or closing the upper, left valve, on ac-

count of being attached distally by means of a calcareous uuion to the object of support.

This is rendered clear by comparing PI. xxix, figs. 1-2 with the diagram fig. 3. By the

action of these muscles the upper left valve is brought in close contact with the object of

support, so that it conforms to the sui'face as does the shell of a Crepidula, or limpet, under

somewhat comparable conditions of fixation. In correlation with this changed function

of the retractor muscles of the foot, and byssal muscle in. Anomia glabra, it is important

to notice that the adductor muscle is very small and the lower right valve extremely thin,

a mere veil of tissue in the young, so that it would be almost fuuctionless for protection,

if the young could be exposed to attack from this side, which however is not the case.

It is thus evident that tlie byssal muscle and the anterior and posterior retractors of the

foot in the young are together pseudo-functionally an adductor in their action and as a

correlation a reduction of the actual adductor and lower valve has taken place. This con-

dition of affairs is evidently brought about by the position of the parts relatively to the

surroundings and is ascribed to them. Lacaze-Duthiers ascribes the absence of retrac-

tor muscles of the byssus and foot on the right side to atrophy and loss from disuse.

The great size and amalgamation of the byssal muscle and posterior retractor he as-

cribes to the changed directions of the fibres and the functional activity in the changed

position, perpendicular to the object of leverage. He may have intended the compari-

son of the muscles to an adductor which I make, but it is not so understood from his

text.

The young Anomia opens its shell by the lifting of the upper valve alone and it has

considerable forward and backward as well as lateral motiou due to its peculiar method

of attachment. When quietly feeding, the anterior retractor of the foot, ar, PI. xxix,

figs. 1 and 3, may shorten and this muscle being inserted at the byssal region of calca-

reous fixation the animal responds by moving backwards; conversely, if the posterior re-

tractor, pr, figs. 1 and 3, shoi'tens, the shell is moved forwards, as will be understood

by considering the diagram, fig. 3. In the adult there is little or none of this forward

and backward motion, as the byssal plug is closely suri-ounded by shell growth and also

the position of the posterior retractor is changed so that it could hardly bring about

such a movement.

The foot in adult Anomia glabra is a small reduced organ; but in the young it is very

large and active, PI. xxix, figs. 1, 2 and 5. The base of the foot is marked by a deep
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cleft lip to its extreme distal portion and the very young, fig. 5, in crawling extends and
flattens it against the object of support in a prehensile disc-like fashion, as described in

Pecten irradlans. Aftei- the animal becomes permanently fixed, figs. 1 and 2, the foot

was not observed to extend beyond the margins of the valves; but it was constantly moved
within the mantle walls in a sinuous manner. The foot is of lar^e volume embracin<r

the byssus at its point of attachment to the glass slide, fig. 2, and the open cleft of the

foot makes a V-shaped space immediately in front of the byssus; but soon the walls of

the cleft are in contact. The byssus is thus seen to originate from a cleft in the base of

the foot as in ordinary byssated Pelecypods.

The upper pi'oximal face of the calcareous plug of adult Anomia is marked by lines

parallel to the longer axis of the shell and similar lines are noticeable in the basal portion

of the plug, hs, where attached to the glass, PI. xxix, fig. 2. The lines are made up of

j)arallel series of amalgamated, calcareous, discoid points seen in the fore part of the

byssal attachment in the figui'e. The discoid points ai'e dii-eetly comparable to the discoid

points of fixation of sepajate byssal threads observable in Pecten, Mytilus, etc., the differ-

ence being that in Anomia the several points are calcified. In the young we have there-

fore the fullest substantiation of Lacaze-Duthiers' homology of the plug of Anomia with

the byssus of other Pelecypoda; for we can actually see the byssus coming from the cleft

in the foot and the separate byssal threads amalgamating to form the calcareous plug.

The palps of Anomia, PI. xxix, figs. 1-2, originating close to the mnbos pass to the

right of the anterior i-etractor muscle and to the left of the foot and terminate in close re-

lation to the anterior limits of the gills. They are marked by plicated ridges on their pos-

terior borders. The coils of the intestine were not followed, being hidden in the dark

brown liver follicles which cover the greater part of the body mass. The liver presents

two regions of densest portion separated by a lighter portion in which there are few folli-

cles as shown in the figures. The i-ectum passes over the dorsal border of the adductor

muscle and is produced to a considerable extent into the cloacal chamlier, the anus,«, being

free, figs. 1-2, and in the adult a similar condition exists. A highly developed caecum,

c, fig. 2, as in the adult, is prolonged in a curved line from the body mass past the ven-

tral border of the adductor and to the right of the gills ending blindly in the cloacal cham-

ber. It is clear in the young as it is not complicated l)y the existence of the reproduc-

tive gland found in the adult.

The heart, h, consists of a ventricle and probably two auricles as in the adult,^ but the

heart in the young is surrounded by a pericardium, whereas in the adult Lacaze-Duthiers

says that this is wanting. He exi)resses the belief that the pericardial walls may have be-

come united with the walls of the heart 25ro])er and in view of its early existence this is a

reasonable explanation of its disajjpeai-ance. On the left side a large vessel, v, fig. 1, passes

from the heart in front of the byssal muscle and to the gills of the left side; another vessel,

V, passes between the adductor muscle and retractor of the foot. These are similar to

those of the adult after Lacaze-Duthiers. Othervessels. ramify in the mantle as described

in yovuig oysters. The pulsations of the heart are variable. In fig. 1 were counted eighty

' I express this -wiUi a degree of caution, as I did not parts beinj; so coincident -with Ids flgurcs and description,

actually observe in the young the second auricle described its presence is assumed ; as he says it is with difficulty seen
In the left side of the adult by Lacaze-Duthiers ; but other in the adult.

HEMOIUS UOSTON SOC. NAT. HIST., VOL. IV. IS
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to eighty-four heart-beats per minute in sevei'al counts. At other times in the same

specimen forty-four, forty-two and twenty-one beats were counted; but these were much
below the normal. In a younger specimen sixty beats were I'ecorded at several counts.

Watching the heart it may be seen to stop for a considerable time and then begin again

first beating slowly; but soon getting up to its normal lapidity. The cessation of pulsa-

tions may be induced by disturbing the animal and the pulsations are most regular and

active while the Anomia is quietly feeding with the mantle extended.

The gills in very young Anomias the age of PI. xxix,fig. 5,are simple, straight filaments

not joined to one another in any way and the tips not yet recurved upon themselves.

(Compare with young oyster gills, PI. xxiv, fig. 6.) Dissecting specimens of the age of

PI. XXIX, fig. l,itAvas found that the inner pair of gill plates had their filaments reflected

dorsally and the filaments of the opposed lamellae were joined to one another by the con-

crescence of their dorsal borders. The two outer gills, on the other hand, had their fila-

ments reflected upon themselves; but the recurved i)art equalled only about half the

length of the direct part. The same lelation of filaments exists in the adult gill diagram-

matically shown in PI. xxiv, fig. 11. The individual gill filaments in specimens of the age

of fig. 1, as also in the adult, are joined to one another by concrescence at the tips of the

dorsally reflected borders; but they are not joined to one another at other points. Further

the filaments have not the nodular ciliated processes characteristic of the gills of Pecten

.

Therefore, the gills of Anomia hav^e filaments which are individually free to a somewhat

remarkable extent. This is interesting as showing an almost primitive condition in one

organ when other organs are so modified as to render Anomia one of the most highly

specialized of the Pelecypoda. The gills are connected with the body by two membranes,

s, PI. XXIX, figs. 1-2, which have been desci-ibed (Tryon) as falcifoi-m. These membranes

are attached to the adductor muscle, to the body anteriorly from that point and to the

mantle wall posterioi'ly to the adductor. The posterior attachment is not shown in La-

caze-Duthiers' figures; but it is a marked feature in the young of Anomia glabra. A
large foramen exists in each of these membranes. The foramen of the left membrane, fig.

1, is the larger and my attention was attracted to it by seeing the extensible and restless

foot prolonged across the body and thrust through this hole. In fact it was a favorite act

with this individual at least, for after noticing it I frequently found the foot thrust through

the foramen. The foi-amen in the right gill membrane, fig. 2, is smaller than that in the left.

The membranes extend in a free curving line to the posterior extremity of the gills. The
gills are capable of considerable motion and frequently in the young may be seen pro-

truded beyond the margins of the valves and even beyond the borders of the extended

mantle lobes as well. The length and width of the several gills is different as pointed out

by Lacaze-Duthiers. In comparing PI. xxix, figs. 1-2, it is seen that the gills on the left

side are much longer and broader than on the right side on which the animal rests, a fea-

ture which, as Lacaze-Duthiers said, is doubtless connected with the conditions of fixation.

The mantle of Anomia presents pecidiarities which are necessitated by tiie al)noi'mal

position of the byssus. The mantle lobes are free except for a short distance on the liga-

mental area (observed in an adult) where the lobes of the two sides are confluent. The
right lobe has a deep re-entrant fold where it surrounds the b3'ssus, shown in Lacaze-

Duthiers' figures and slightly indicated in PI. xxix, fig. 2. The margins are frijiged



PHYLOGENY OF THE PELECYPODA. 359

with active extensible tentacles which are in constant motion. The tentacles of the yonng
are pigmented with black in scattered spots and bands of color which are arranged at

right angles to the longer axis of the tentacles. I did not observe radial muscles in the

mantle of Anomia similar to those described In Ostrea and Pecten, and if they exist as

they jH'obalily do, they are inconspicuous.

Xlir. Anomia. The shell.

Professor Morse published a brief account of some extremely young shells of Anomia
in which he showed that an early, probably ''dimyarian" shell precedes the characteris-

tic Anomian form of shell. He also showed the initial stages of the byssal notch. The
specimens studied, judging from his description and a comparison with my own observ-

ations, were the young of was Aiiomia aculeata, Gmelin.

In AnomiM glabra an ovally rounded, nearly equivalvular prodissoconch exists at the

umbos of perfectly preserved young specimens, PI. xxix, figs. 4-6. The prodissoconch

in this sj^ecies is opaque, of homogeneous structure, bearing fine concentric lines of

growth, and the umbos which are neai-ly central are directed slightly toward the poste-

rior end of the shell.' In this position of the umbos my observations differ from those

of Professor Morse as he says the umbos are nearer the anterior margin of the shell.

The left prodissoconch valve of Anomia glabra has no indication of a byssal notch but

the right valve has a notch on its ventral border as shown by the lines of growth in PI.

XXIX, fig. 6. It is therefore seen that at this extremely early period Anomia is already

capable of forming a byssal attachment, and crawled on the right side with the foot ex-

tended at this area. The shell evidently lay on one side as observed by Morse. A
byssal notch in the prodissoconch is a point in which Anomia differs from the byssated

Pelecypods which have been so far discussed. In Perna, Avicula, Pecten and Spondy-

lus, PL xxvn and xxviii, a byssal notch is indicated in the first stages of the dissoconch

growth; but no trace of a notch exists in the prodissoconch.

The dissoconch growth of the left valve o? Anomia glabra in its early stages, PI. xxix,

fig. 4, is at first nearly round, but slightly larger on the ventral side. It is thin, translucent,

has a highly polished surface and bears numerous, delicate lines of growth, but shows no

prismatic structure. An older specimen of a left valve, PI. xxix, fig. 5, is less rounded, its

faster ventral growth having produced a bulging in this direction which seems to be char-

acteristic of specimens of this age. Whereas in fig. 4, the prodissoconch is on the anterior

border of the valve and projects slightly beyond it, in fig. 5, shell growth is taking place

in front of the prodissoconch, which is the primitive umbo of the valve, and in succeeding

growth this feature is carried still farther as seen in fig. 8, so that in the adult the ini-

tial mnbo is pushed in quite far from its original position on the anterior border of the

valves. As growth continues from the stage fig. 5, the shell becomes more and moi*e

rounded, rapidly assuming the form characteristic of the adult. The young is so highly

polished that the shell well deserves the popular name silver-shell which it bears.

The right valve at a very early peiiod, PI. xxix, fig. 6, difiiers much from the adult

'The umbos are directed posteriorly so sliijhtly in Ano- Pecten, etc., in whiclithe umbos of tlie prodissoconch are

mla that it is not a marked feature as in Ostrea, Perna, more inclined toward the posterior region of the shell.
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and is less highly modified. The initial stages of dissoconch growth commence on the

free border of the prodissooonch valve; but succeeding shell deposition is extended pos-

ei-iorly and then ventrally more and more, as may be seen by folloAving the lines of

gi'owth, figs. 6-7, until finally a deep almost enclosed sinns is formed ai-onnd the byssns,

as shown in the figure. At this stage it is desiraljle to compai'e the right valve of Ano-
mia, fig. 6, with my figure of the first stages of dissoconch growth of Pecten, PI. xxviir,

fig. 10. In both, a deep and somewhat comparable notch is formed by the existence in

one case of a byssns and in the other of a highly active foot; both organs affecting the

form of the valve by causing a local retraction of the mantle and thus putting an obstacle

in the way of shell deposition at that area. We see in the comparisons of these figures

the verification of the statement made by Forbes and Ilanley nearly fifty years ago that

"the perforation in one of the valves of Anomia is chiefly a greater extension of the

auricular sinus in Pecten." In later growth the ventral border of the valve surrounds

the byssal notch in an increasing degree until soon it is completely enclosed. The lower

valve is peculiar in that the mantle border of the mnbonal region deposits shell around

the prodissoconch, enclosing it by degrees and partially covei'ing its umbonal portion

as shown in PI. xxix, figs. 6-7. This is due to the fact that the primitive umbos recede

from the shell border, being pushed back by the peripheral growth of the valve as seen

viewed from the left side in PI. xxlx, figs. 4, 5 and 8. When the byssus in young An-
omia is neai'ly or quite surrounded by the growth of the right valve as in PI. xxtx, fig. 2,

the foramen is veiy small. In the adult, fig. 41, p. 354, on the other hand, the foramen

of the I'ight valve is many times larger and to accomplish this increased size of the hole

an extensive i-esorption of the shell has taken place. During this resorption, lines of

growth which were continuous when young become separated and may be traced on

either side of the foramen, as in the figure cited.

The lower i'ight valve in the young does not equal the size of left upper valve which

overhangs its border by a considerable amount, PI. xxix, figs. 6 and 2; it is also of ex-

cessive thinness and so delicate that great care is required in handling not to injure it.

The right valve shows the most beautiful, prismatic structure of which it is entii'cly com-

posed in early stages, and it is so transparent that the organs can be seen as through

a glass fihn. The extreme reduction of the lower valve in young Anomia glabra is ev-

idently correlated with its conditions of environment. The byssal and retractor muscles

are functionally active in drawing down the upper valve, and when that valve is closed

the lower valve is completely protected. The reduction of the true adductor muscle as

described and the thinness of the right valve are doubtless correlated; for, on account of

its delicacy, the strong action of a normal-sized adductor would certainly break the valve.

At this early period the i-iglit valve ti-uly seems like a disap])earing organ. In later

gi-owth the right valve increases in thickness aud fi-equently extends beyond the object

of support, but it does not acquire the thickness and solidity of the left valve.

I have stated that the right valve in young Anomia glabra is wholly com^^osed of

prismatic cellular tissue. This structure predominates throughout life in this valve, and

in the adult the i-ight valve entirely consists of prismatic cellular tissue with the excep-

tion of a thin layer of whiter porcellaneous tissue which surrounds the byssal foiTtUien

and point of insertion of the adductor muscle. The left valve, on the othei' hand, does
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not have a prismatic layer at any period in the life of the individual; but is sub-nacreous

excepting for a small area around the point of insertion of the muscles, where as in the

right valve there is a deposition of porcellaneous tissue. This difference in the structure

of the two valves is a remarkable feature and occurs in related genera, for I have shown

that a thin prismatic layer exists in the right valve of young Pecten and in the riglit

valve of young Ostrea but not in the left valve of either genus in early stages.

I have not found any published observations of prismatic structure in Anomia glabra,

but Carpenter, in his second paper (1848), on shell structure, stated that a thin external

prismatic layer exists in Avoniia ephijiplnm; but is early worn off. In this connection,

an interesting point is recorded in one of Dr. C. A. "White's papers,^ that among Tertiaiy

fossils it is rai-c to find a right valve of Anomia although left valves are abundant. He
ascribes the loss of right valves to their fragility owing to their prismatic composition.

On the other hand, a number of species of European Tertiary Anemias in the collections

of the Museum of Comparative Zoology

have both valves equally preserved. A very

thin layer of prismatic tissue exists in the

right valve of Anomia ejihippmm, as ob-

served in specimens Idndl}' sent me by Dr.

Dall ; but it does not exist in the left valve of

that species, both valves being composed

wholly or for the most part of sub-nacreous

tissue, with the addition of porcellaneous tis-

sue arottnd the mnsetilar insertions as in An-
omia glabra. The difierence in the structure

of the right valve of Anomia glabra makes

a good specific distinction, which separates

that species clearly from A. ephijjpiiim, which

it approaches very nearly in external form.

Young specimens of Anomia aculeata,

Gmelin, fig. 43, were collected at Cohasset

and Beverly, Mass. A yellowish prodisso-

conch exists at the umljos. The left valve of the prodissoconch has a slight sinuosity

which corresponds with the compai'atively deeper byssal notch in the right valve, whereas

no sinuosity of the left valve and a shallower notch in the right exists in the prodisso-

conch of Anomia glabra, PI. xxix, figs. 4-8. This feature is shown in fig. 43, but is

more marked in degree in younger specimens. The prodissoconch of A. aculeata is

ovally rounded in outline with fine concentric lines of growth and umbos which are nearly

central but directed slightly jjosteriorly as in A. glabra. The succeeding dissoconch

growth of Anomia aculeata is chalky white, of somewhat irregttlar growth; and not pol-

ished or as translucent as is A. glabra. The left valve of the dissoconch does not per-

petuate the sinuosity of the prodissoconch valve. This valve is smooth for a brief period

and then the ])lications and spines characteristic of the species are commonly introduced.

I say commonly, for associated specimens are frequently wanting in the spinous charac-

ter, although imquestionably belonging to the same species. The Y\^\\t valve of the dis-

' Nou-marine Fossil Mollusca of North America, Washington, 1883, p

Fig. 43. Young Anomia aculeata, tip of left valve

,

p, prodissoconch, succeeded by early smooth and later

spinous dissoconch growth. Cohasset. X GO diam. (Drawn

by the author.)

IG.
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soconch of A. aculeata has a growth similar to that described in A. glabra; but is chalky

white and much thicker than in that si^ecies. The i-ight valve is wholly or for the most

part composed of prismatic cellular structure whereas that tissue is wanting in the left

valve as in A. glabra. My observations of the young and adult lead me fully to concur

with Professor Yerrill who says that he believes this species is perfectly distinct from

Anomia glabra.

In regard to the affinities of Anomia, it is closely related to Placuna and many inter-

mediate forms may be traced as noted by authors. The anatomy of Placuna is essentially

like that of Anomia; but the mantle border has a curtain like Pecten (Tryon). The

shell of Placuna is composed of fine nacreous layers, but in the young I have found

traces of prismatic cellular tissue in the right valve. This tissue was very thin and

limited in extent on account of being worn away, but existed in patches. Woodward (79)

mentions that, when young, Placuna has a byssal sinus in the right valve and I have found

young specimens which show an enclosed byssal plug like that of Anomia, as described

in section xvi. Anomia, anatomically and in shell structure, is much more nearly allied

to Pecten than to Ostrea. It is probable that Anomia was derived from the Pectinidai

from the Amusium or Hemipecten group, for the latter resemble Anomia in having thin

nacreous shells. In considering Hemipecten, Zittel remarks that Jurassic species of Pla-

cunopsis are probably confounded with Hemipecten, thus inferring a close similai-ity in

the two genei'a. Placuna was probably derived from the early Anomiadae as all e\d-

dence points tOAvard an ancestry in that group. The geological appearance of these

groups accord with their inferred zoological affinities as I have described them. Tliat

such a highly modified form of shell as Anomia could have been derived from the Pec-

tens is more easily believed when we see how highly modified are Pedum, Ilinnites and

Spondylus which are more direct derivatives of Pecten.

XIV. Studies of a few other Genera.

The genera so far studied are all linked in one great group of the Aviculida? and their

allies (see table, section xvi), by charactei's of anatomy and shell structure which connect

the several members. The genera thus referred to are Ostrea, Gryphsea, Exogyra, Perna,

Avicula, Monotis, Pseudomonotis, Cassianella, Yulsella, Pecten, Spondylus, Plicatula,

Lima, Anomia and Placuna. I now wish to consider the young of some genera belong-

ing to other groups of Pelecypoda distinctly removed from those previously considered

and not always closely connected with one another. Figures of the adults of most

of the species described in this section are to be found in the works of Verrill and

Gould.

The groups, previously studied, have been characterized by possessing jyrodlssoconchs

of homogeneous laminar structure, hut not prismatic, and toith umbos directed jjosteri-

orly. The succeeding dissoconchs have been shown to be markedly different in form

from the prodissoconch, and in the earliest stages at least are characterized by ivell-de-

fined, prismatic, cellular structure, either in both valves or the right valve.^ In all gen-

' The cliange from liomosencous to prismatic structure do sliow it, tliat the absence of the feature in the few

was not oljserved in the fossils descrilied or in Spondylus specimens observed need not be considered in this couuec-

aud Lima, but these genera are so united with groups that tion.
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era now taken up, excepting the Unionidae, two marked features of difference occtir as

compared with those previously studied. The prodissoconcJis are directed more or less an-

teriorly, and the succeeding dissoconchs are not characterized hy prismatic cellular

structure.

The Pelecyj)oda is a chxss in which it is very difficult to find binding characters on

which to make systematic divisions. The direction of the prodissoconch umbos and the

condition of prismatic structure in the succeeding dissoconch, I am aware, is not wholly

confined to the Avicnlida3 and their allies, but these features are characteristic of the

whole of that group and are not together charaetei'istic of any othei- group so far as

known, excepting, possibly, the Unionidje. A thin, but well-defined, prismatic layer ex-

ists in Pandora rostrata, Lam.; a prismatic layer also exists in the deei^er-seated portion

of the periostracum of Solemya mediterra7iea, Lara., and it has been observed in limited

patches in young Ensis vlridis, Say. Carpenter observed the j^rismatic layer in the two

former genera and mentions finding traces of it in other genei-a, but he was impressed

with the fact that it is a marked feature in the group of the Aviculidae and allies.

Mytilus edulis, L. This mollusc belongs to one of the oldest families of the Pelecj'^-

pods extending back to early paheozoic times. It is therefore interesting to know the

conditions existent in the young shell. In PI. xxix, fig. 9, it is shown that a well-

defined prodissoconch,^, exists which is yellowish-brown and marked by tine concentric

lines of gi'owth. The form of the prodissoconch is evenly rounded and it has well de-

veloped umbos which are directed anteriorly. The succeeding dissoconch growth of

M3'tilus is sharply marked off from the prodissoconch stage by its changed form and

color. In form the dissoconch hasali'eady acquired features characteristic of the group

to which it belongs, though not of the genus itself. The hinge line is produced poste-

riorly in an arched line and anteriorly the lines of growth are curved inwards toward

the umbonal area, but they are not crowded closely as in the adult or any species of the

genus. The shell at this age reminds one strongly of forms seen commonly in the

Modiomoi'phas, palasozoic kindred of the Mytilidae. In color the dissoconch is distinct

from the prodissoconch. Whereas the latter as stated is yellowish-brown, the dissoconch

is characterized by the violet color characteristic of the adult. The transition from brown

to violet color in Mytilus is as sharply defined as is the change from homogeneous lime

in the prodissoconch of Ostrea to the prismatic structure of the succeeding dissoconch,

fig. 27, p. 314. Specimens of Mytilus edulis of the light horn colored variety of course

do not show this change to violet with the introduction of the dissoconch period. No
trace of prismatic cellular tissue has been found in the shell of Mytilus or other member of

this family at any period of growth, but a well defined epidermis exists.' Lacaze-Duthiers

(41) published an anatomical figure of young Mytilus edulis compai'able to the prodisso-

conch stage and he notes the striking difference between the shell of that age and the

. adult. Loven also published an anatomical figure of developing Mytilus which compares

favorably in its shell form with PI. xxix, fig. 9.

An older specimen oi Mytilus edulis, PI. xxix, fig. 10, shows no important differences

from the younger specimen, fig. 9. The prodissoconch valves on account of the increased

arcuateness of the umbos are not seen in side view as well as in the earlier stage, a

'I'risuiatic strvicturc is (k-.scrilKd in tlic iiiiu r layrrs of Drcissona, but lliis geiuis has iiul been slndiid.
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necessary feature of developing bivalves. Instead of being rounded in appearance as

in fig. 9, the prodissoconch valves appear flattened from perspective. The prodissoconch

of fig. 10 differs from that of the earlier stage in being chalk-white, the yellowish-brown

organic appearance of the earlier condition having disappeared from the wearing away
of the epidermis. The same is true of older specimens as long as the prodissoconch re-

mains intact, and it may often be found in specimens up to 4-5 mm. in length. It then ap-

pears as a little white cap at the umbo of either valve. The nepionic stage of fig. 10 is

similar to that of fig. 9, except that the lines ofgrowth anteriorly are more crowded inward

toward the umljo, in this feature malsing a nearer approach to the condition characteristic

of the adult. Verrill notes collecting aljundant young specimens of Mytilus edulls on the

12th of April, and I have found them in July, Sej^tember and December, so that this spe-

cies evidently has wide limits in its breeding season.

Modiola hamatus, Verrill. This species occurs on oiu" coast from Vineyard Sound

to Mexico. A number of young and adult specimens were collected at Martha's Vine-

yard and Long Island Sound, also specimens were obtained fi'om a mass of Perna
epMppium collected at Cuba. The young Modiola, has a well defined prodissoconch, 2>,

PI. XXIX, fig. 11, which is yellowish-brovvn and with umbos directed anteriorly as in

Mytilus. The prodissoconch of Modiola appears flatter, less rounded than the prodis-

soconch of Mytilus, PI. XXIX, fig. 9; but this is due in part at least to perspective as

noted in the older specimen of Mytilus, PI. xxis, fig. 10. The hinge line of Modiola is

produced posteriorly in a curving line and anteriorly the lines of growth approach the

nmbos in a sweeping curve, fig. 11. The form of this stage is not widely separated from

that found iai some species of the genus, but it more nearly ajDproaches the form of the

Modiomorphas, pahieozoic allies of the Modiolas. An older specimen of 3fodiola hama-

tus, PL XXX, fig. 1, shows the introduction of the plications Avhlch are characteristic of

the species. The plications originate suddenly, marking a distinct stage by (heir intro-

duction.

Crenella decussata, Montagu. Youug speciniens of this species, loaned me by the

Smithsonian Institution, show distinct prodissocouchs, p, as shown in PI. xxx, fig. 3, an

umbonal view of a specimen. The prodissoconchs have rather highly developed umbos

which are directed anterioily and show fine concentric lines of growth. The succeeding

dissoconch in its initial stages of growth is already marked by radiating plications as

well as concentric lines of growth which are coarser than those of the 2:)rodissoconch.

The Mytilidse are classed with the Aviculidse, as heteromyaiians, the connection being

based on the condition of unequal adductor muscles. This basis of classification, as pre-

viously considered (Introduction), is not deemed one of high, systematic importance and

is insufficient to connect otherwise diftering groups. The striking diff'erences in the pro-

dissoconch and nepionic stages of the Mytilidjc and AviculidiE are sufficient I think to

separate these groups, and the Mytilidae should be put in a group distinct from the Avic-
.

nlidaj and their allies, which I have shown are all bound together by important features

as one group.

Argina (Arca)pexata, Vei'rill. An extremely small specimen, PI. xxx, fig. 2, was found

in a drain-pipe ti-ap at Buzzai'ds Bay. The specimen was dead, but the shell was perfectly

preserved. The i)rodissoconch is ovally rounded, very sharply defined; and has well devel-

oped umbos which are nearly central. The prodissoconch shows delicate concentric lines
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of growth, and is very yellow compared with the succeeding dissoconch growth which is

pure lime white, thus indicating a somewhat more marked conchyolin basis of the prodis-

soconch. The succeeding dissoconch has the typical hinge line characteristic of the

Aix-as. Its first stages of growth are smooth and marked by nearly concentric lines of

growth; but with no plications; well defined plications exist, however, in the later growth.

Taking the shell as a whole, the height (measuring from the free border of valves to

the hinge line) is much greater posteriorly than anteriorly. In the middle of the ventral

portion a distinct depression exists on the border of the valves and also in the preceding

lines of gi-owth. The early dissoconch before the introduction of plications ditfers ninch

in appearance from the adult and bears a strong resemblance to fossil members of the

Arcida;. Especially does it resemble species of Macrodon from the Devonian as figured

by Hall. The teeth on the distal limits of the hinge line of young Argina are oblique like

those of Macrodon, and between these oblique teeth are the perpendicular Area-like teeth

;

but at an earlier stage of growth the perpendicular teeth were apparently wanting, and

then the teeth of young Argina would have been closely comparable to those of Macrodon.

Area ectomata, Dall, from abyssal depths has all the teeth oblique like those on the distal

limits of the hinge line in young Argina and like those of the early and later species of

Macrodon.

The stage represented by the whole shell of PI. xxx, fig. 2, differs in form from the

earlier Macrodon stage and also from the adult, and is comparable to Ai'ca, the type-

genus of the family. Transitional series of specimens of A.rgina pexata older than PI.

xxx, fig. 2, show in constantly increasing degree the oblong-ovate form and shaggy ep-

idermis characteristic of the adult. In the ontogeny of Argina, therefore, we find that

there are four distinct stages which represent the ancestral forms from which the genus

was evolved: (1) the prodissoconch representing a primitive ancestral radical, at present

nnknown; (2) the Macrodon stage, comparable to pahvozoic forms of the family; (3) the

Ai'ca stage, comparable to the type genus of the family and, finally (-t), the Argiiia stage

in which the features of the genus and species are introduced and fixed. A prodisso-

conch and nepionic stage similar to that described in Argina pexata has been found in

a yonng specimen of Area harhata, L., kindly given me by Professor Verrill, and in

some young Areas of an undetermined species from Japan. The nepionic stage of Par-

alleloplpedam tortuosmn, Lam., is also similar to the same stage of Argina, the tortuous

character of the adult shell not having been acquired at this early period of growth.

It is an important fact that members of the Arcidie have a prodissoconch, because as

one of the oldest living groups of Pelecypods it shows the widespread existence in time

as well as genera of a distinctly marked early embryonic shell. Species of so many and

such widely separated families possessing a prodissoconch in the young is strongest proof

that it is characteristic of the whole class of Pelecypods. We also see that the nepionic

stages in members of this family can be made use of in tracing genetic relations, as in

the Aviculida} and their allies.

The Unionidfe are naturally turned to in studies of this nature as they are characterized

by a peciiliar early stage called the glochidium. Although the glochidium is known by

itself, I do not think the relation of this early shell to the adult has been previously studied.

Through the kind intervention of Dr. Charles E. Beecher, I recently received some ma-
MEMOIKS UOSTON SOO. NAT. HIST., VOL IV. 4'J
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terial which was collected by that gentleman, from Mr. William B. Marshall of the^ew
York State Museum. The specimens embrace glochitlial stages from the gill cavities of

the parent and adults with perfectly preserved umbos, so that the early embryonic shell is

still intact, and thus affoi'ds the opi^ortunity of a compaiison with later stages.

Unio cariosus, Say. The glochidium stage of this species, fig. 44, p. 367, is sub-quad-

rate with a straight hinge line and rounded angles on the ventral boixler. The shell has a

double line around its border, the inner line i-epresenting the limits of an earlier stage of

growth. A similar double line exists in the glochidium of all Unionidae observed, oi* which

I have seen figured, and Dr. Lea makes the same observation. On the middle of the ven-

tral border of the valves is a very abbreviated spur which is not, however, spinous as in

Anodon. The single adductor muscle is situated near the hinge line and a little nearer

the anterior than the posterior boixler of the shell.^ The shell is granulated on its surface

and j)resents no traces of prismatic structure, the same feature being found in the glo-

chidium of all the UnionidjB observed. The glochidial shell of U. cariosus and other

species of the genus is whitish and much smaller than is the glochidium in Margaritana

and Anodon. The glochidium of Unio nasutus, Say, is similar to IT. cariosus as described.

Dr. Lea figures the glochidium from the gills of the parent in twenty-five species of Unio.

Twenty are similar to U. cariosus in form with some little valuation in contour. Of the

five remaining species three are sub-triangular resembling some species of Anodon; but

two have the ventral angles produced instead of rounded and each angle of either valve

bears a small spur.

Utiio pi-essus. Lea. A specimen 47 mm. in length has the umbos well preserved and

still bears the early glochidial shell. This embryonic shell is sul)-triangular and has the

same form as is figured by Lea in a specimen from the gill chambers of the })arent of this

species. It is immediately succeeded by the nepionie stage of the dissoconch which has

the prismatic structure and concentrically rugose growth which is characteristic of the

young shell in Unionidjx? and is often figured at the umbos of well preserved specimens

(see Lea and other authors). The glochidial shell in its relation to the dissoconch thei'e-

fore fills the i-eqnirements of the prodissoconch and may be compared Avith that stage as

described in many genera in this paper. The Unios above described were collected in

Albany County, New York, by C. E. Beecher.

In Margaritana undulata, Lea, the glochidium, fig. 45, p. ."67, is sub-triangular, but

the anterior end of the embryo is considerably thelai'ger. The hinge line is straight and

the valves at this area are raised in little humps indicating abbreviated umbos, not shown

in the figure. The angle at the ventral border of the shell is quite sharji ; it is posterior

to a median line drawn perpendicularly through the shell and bears a denticulate spur on

either valve shnilarly to Anodon. In other features the shell is like the glochidial stage

of Unio. A young si3ecimen of M. undulata 13 mm. long, fig. 48, has the umbos well

preserved and they retain the glochidium or prodissoconch intact. The hinge line of the

prodissoconch is parallel to the hinge line of the succeeding dissoconch growth and the

larger end of the embi-yonic shell is directed toward the anterior end of the shell. The
prodissoconch has the granulated surface chai'acteristic of the glochidia of this and other

' The fflochitlial shell of all or nearly all Uuionkla> is a ])crpeii(llcularly through the hiiigo line and middle of the

little larger on oue side than on the other of a line di'awn ventral 1)order of the valves.
*
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species of the family ; but the dissoconeh has an external layer of prismatic tissue. Cam-

era drawings of this specimen show that the prodissoconch is of the same size and form

as arc the glochidia when removed from the gills of the parent as shown in the figures,

and the same observation holds in regard to the size and form of glochidia and com-

pleted prodissoconchs in every species in which I was able to make the comparison. The

glochidial shell of Margaritana marginata, Lea, is similar to that of M. undulata. Lea

figures the glochidium of five other species of this genus. Of these, three are similar to

the glochidium of M. undulata; but two are less triangular and more rounded on the

ventral border. A specimen of 3Iargaritana margaratlfera, which is 55 mm. long has

the umbos well preserved and they bear at the tip the embryonic shell. As in the pre-

vious species the prodissoconch of this species is sharply marked off from the succeeding

dissoconeh, and in a camera drawing it coincides in form and size, with the glochidium

from the gills of the parent. Specimens of Margaritana deltoldea, 19 mm. long, have

the prodissoconch well preserved and it presents the same features in relation to the suc-

ceeding dissoconeh as in the above-mentioned genera. The specimens of Margaritana

undulata studied were collected in Albany County, New York, and those of M. mar-

garitana and M. deltoidea at Ann Arbor, Michigan, by C. E. Beecher.

Fio. 41. Fig. 4.5. Fig. 4G. Fig. 47.

Fig. 48. Fig. 49.

FiQ. 44.

—

IJnio cariosus, £;lochitUum from the gills of the par.-'nt.

Fig. 45.

—

Margaritana undulata. glochiduim from the sills of the parent.

Fig. 46.

—

Anodon cygnea, glochidium from the gills of the parent.

Fig. 47.

—

Anodon flaviatilis, glochidium from the gills of the parent.

Pig. 48.

—

Margaritana un'lulata, umbonal tip of a young shell, showing the prodissoconch, p, still in i)lacc and the

nepionlc stages of the succeeding dissoconeh.

Picj. 49.

—

Anodon fiuviatilis, umbonal tip of a young shell slioiving the prodissoconch, p, still in place and the nepionic

stages of the succeeding dissoconeh.

All the figures (except tig. 46) are of left valves. The arrows are dlrsctsd toward thL' anterior end of the shell ; s, glo-

chidial spurs ; h, hinge. All the figures X 50 diam. (Drawn by the author.)

In Anodon the glochidium is better known than the same stage of other genera of this

family, as it has been more often studied by embryologists. Schmidt studied it during the

period of parasitic life which it leads on fishes, and good figures of this stage are given by

that author. The glochidium of Anodon fluviatills, Lea, fig. 47, is sub-triangular in
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outline but is less acutely angular on the veuti-al border than is this stage of Margaritana.

The hinge line is straight; the anterior end of the shell is somewhat the larger and spi-

uous spui'S exist at the ventral angle of either valve, PI. xxni, figs. 7-8. A double line

surrounds the limits of each valve and the surface of the valves is granulated, the same
characters existing in the glochidium of Unio and Margaiitana. The inner line is dis-

tinct from the edge of the shell and represents an earlier stage of growth. In A. cygnea,

fig. 46, p. 367, the double line represents the thickness of the edges of the shell, and the

inner line representing an earlier stage as in fig. 47, is not seen in this view. The glochi-

dium of Anodon differs from that of the other genera in the species observed in being of

a brown color. A glochidium similar to that described in Anodon Jluviatilis I have ob-

served in glochidia from the gills of the parent of three other species, namely, A. undu-

lata, A. cylindracea and A. cygnea, fig. 46. There is great constancy in size and
appearance of the glochidia in the different species of Anodon observed, the uniformity

being greater than in the other genera of the family.

A well preserved specimen oi Anodon Jluviatilis 25 mm. in length, fig. 49, p. 367, has

the embryonic shell or prodissoconch still in place. The prodissoconch in a camera draw-

ing of this specimen coincides in size and form with the glochidia from the gills of the

parent, no increased gi-owth being observed. The larger end of the embryonic shell is

directed anterioily and the hinge line is parallel to the hinge line of the succeeding dis-

soconch. The dissoconch has the rugose fluting characteristic of the young (frequently

figured at the umbos in well ])reserved specimens by Lea and others) and presents well

defined prismatic structure. The glochidia of Anodon Jluviatilis described and the older

specimen of the same species as also the glochidia of A. imdulata and A. cylindracea were

collected in Albany County, New York, by C. E. Beecher. The glochidia of ^. cygnea

are from Belfast, Ireland, and were loaned to me by the Smithsonian Institution.

The fact that the larger end of the prodissoconch is directed anteriorly in all the species

of Margaritana and Anodon in which it was still found in place at the umbos ofthe valves,

is convincing proof of the correctness of Schmidt's observation that the laiger end of the

embryo of Anodon is the anterior end. It is a remarkable fact that the completed pro-

dissoconch in the various species observed has the same form and size as does the glo-

chidial stage of the same species when removed from the gills of the parent. We know
from the observations of Balfom- and Schmidt that after quitting the gills of the parent

the embryos of Anodon (and probably, from analogy, other genera of the family as well)

lead a i)arasitic existence in the gills, fins, etc., of fishes. During this period of parasit-

ism considerable anatomical changes take place, yet these changes are not accompanied

by any noticeable modification or increase in size of the embryonic shell.

It is seen that the glochidial shells of the genera of the Unionidae described are sub-tri-

angular or subquadrate; but always with a straight hinge line. But a single adductor

muscle exists and other anatomical features are in a very early condition of development.

This stage is directly the equivalent of what I have described as the phylembryonic stage

(p. 291) of development in Pelecypods and it may be compared to the embryos of Mo-
diola, Cardium and Montacuta, PI. xxiii, figs. 9-11, also of Ostrea, fig. 25, p. .300, and PI.

XXIV, figs. 13-15. The anatomy of the glochidium from the gills of parents is less ad-

vanced than is the same (phylembryonic) stage in other genera, as shown in the figures

cited; bntthis is explained as a peculiarity due to the si^ecialized development of this tyj^e.
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It is a striking fact that the embryonic shell of the completed prodissoconch period of the

Unionidaj has not changed in foiin or size from the condition it had when ready to leave

the gills of the parents. This fact and the correlated fact that umbos have not devel-

oped, although they exist in the prodissoconch of the twenty-six other genera described

in this paper, are proof of the extreme reduction of the embryonic shell. The completed

prodissoconch of the UnionidjB, therefore, has not progressed in the features of the shell

beyond the phylembryonic stage, which is found only in early embryonic stages of other

genera. This high reduction is probably to be explained by the condition of parasitism

which exists at this period in the development of the embryo. While the prodissoconch

of the Unionidae is in all cases gi'anulated on the snrfjice and shows no prismatic tissue,

the succeeding dissoconch is characteristically prismatic. This condition is comparable

to what I have described in the Aviculidse and their allies, but differs from what I have

found in other genera.

Wliat the affinities of the Unionidae are is a puzzle, for they are not cleai'ly related to

any other family. The peculiar form, the spin's and absence of umbos in the prodisso-

conch are special features, apparently due to the peculiar environment of the developing

embryo. Althongh it cannot he supposed to fully represent in the ontogeny of the in-

dividual any ancient ancestral foi-m, yet certain data can be gathered from this early shell.

As the prodissoconch of the Unionidje has no prismatic tissue, it is doubtless the repre-

sentative of an early ancestor wliich was without that structm*e (the same comparison that

is made in the prodissoconch of the Aviculidaj) . The radical ancestor, of which this

prodissoconch is the inherited representative, i)robal)ly had umbos directed posteriorly,

for though the prodissoconch of the Unionidaj has no umbos, the more rapid growth on

the anterior border would have pushed umbos posteriorly had they existed. That this

ancestor was dimyarian might be conjectured; l)ut is fully imi)lied by the fact that the

completed prodissoconch has two adductor muscles, for Balfour's and Schmidt's figures

of a mature glochidium of Anodon from a fish have two adductors. The nepionic stages

of the Unionidae, though peculiar, do not so far as I am aware indicate kinship with early

l^redecessoi's of the group.

Spkcerium secaris, Adams. This species was collected in a culvert at Medford, Mass.,

in November. The adults wei'c crowded with large embryos, and as many as fourteen

were taken from the gills and mantle cavity of the parent. The embryos, PL xxx, fig.

4, show no traces of a velum as far as discerned, but have a well-develoi^ed foot and

crawl actively when removed fi'om the parent. The foot has a prominent otocyst as fig-

ured in Cyclas by Ziegler and other investigators ; but no byssal gland was observed as

described in that genus. Two adductor muscles, palps and filamentous gills exist. The
mantle border is produced posteriorly in a single siphon, fig. 4, but is free throughout

the rest of its exposed margin. In older specimens and the adult, two siphons exist,

an excurrent and an incurrent. This was not seen in the young of the age under con-

sideration, but as the point was not in mind when studying the specimens, it is possible

that two might be found. If not, it is an interesting character, for the adult of Pisidium

has but one and the existence of one in young Sphajrium would appear to be of genetic

significance. The shell of Sphserium, Pi. xxx, fig. 4, represents an incompleted prodis-

soconch stage. In PI. xxx, fig. 5, also from the gills of an adult, a completed prodisso-
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conch, p, exists and is succeeded by considerable dissoconcli growth. The prodissoconch

is gloliose and ahnost circidar, sliglit umbos being developed. "When young, fig. 4, it is

very translucent of a light horn color, liut in older specimens, fig. 5, the shell is thick-

ened by shell deposition, and it is darker and more opaque. The prodissoconch in Sphae-

I'ium is of gigantic size compared with the prodissoconch found in other Pelecypods de-

scribed and figured in this paper. PI. xxx, fig. 5a, is a yonng specimen magnified only

ten times in order to show the large size of this early shell. By definition, the jirodisso-

conch in Pelecypods is the shell of the completed embryonic period, and it is natural that

in Sphjei'ium we should have a large jirodissoconch because of the relative great size of

the embiyo in that genus.

Besides in Splicerium securis, a similar strongly marked prodissoconch has been ob-

served in 8. partumeium, Say, S. rhomhoideum, Adams, and S. transversum. The
specimens of these species observed are in the choice Beecher collection of fresh water

shells, in the New York State Museum.
Echinocliama (Chama) arcineUa, L. In a specimen sent me by Dr. Beecher, a pro-

dissoconch was found intact. It is ovally rounded with umbos directed anterioi-ly. The
nepionic stage is pink in color, is ovately drawn out, and truncated posteriorly. Con-
centric ridges mark the nepionic period and as pointed out by Fischer, this early stage

resembles a Venerupis in form. The shell of the nepionic stage is equivalvular as ob-

served in several specimens in the collections of the Boston Society of Natural History.

As soon, however, as the right valve becomes attached to a foreign body (which occurs

when the shell is about 3 mm. in length), both valves immediately change their form and
assume the irregular growth characteristic of the Chamas, and soon the spines and jiit-

like depressions characteristic of the species are introduced. We find in this case a full

substantiation of our views on the modifying effects of the conditions of fixation on
shell form as fully discussed in section vin, p. 322.

Petricola plioladiformis. Lam. At Nantucket in July, 1889, a large number of young
specimens of this species were collected, varying from very small to 12 mm. in length.

The largest individuals had the adult charactei's fully developed. The specimens were

burrowing in shallow Mytilus beds which covered rocks between tide marks. In the

youngest specimens found, PI. xxx, fig. 6, also in some older individuals, a distinct pro-

dissoconch, p, exists at the umbos. It is not widely different from the succeeding disso-

conch in form, but is sub-ovately rounded and appears like a cap on account of its

whiteness compared with the succeeding grayer dissoconch. The whiteness of the pro-

dissoconch is noted in several genera in this section, and as described in Mytilus it is

doubtless due to the wearing away of the organic epidermis of the valves and consequent

exposure of the chalky-white lime basis. The early dissoconch of Petricola, PI. xxx, fig.

6, is strikingly different from the adult. It is oblong, anteriorly roundly compressed and

l)osteriorly slightly truncated. The lines of growth indicate an earlier more .oval form.

In this eai'ly stage the ligament, Z, projects from the hinge line as in the later stage, PI.

xxx, fig. 7, and in the adult; but no plications of the shell exist until considerably later.

The specimens, although taken from their bui-rows in the Mytilus bed, proved to be

active crawlers having a highly developed foot, fig. 6. The siphons of this early stage

fig. 4, are separate for the entire length produced beyond the limits of the shell. The
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inciirreiit siphon as in later periods is the longer of the two and the two tubes are widely

divergi'nt as in the figure. The excurrent sij)hon is not retracted and extended pei-iodi-

callj as described in Mya, PI. xxx, fig. 13, and no tentacles surroimd the base of either

siphon tube in Petricola. The distal tips of the tubes in Petricola, fig. 6, are fringed by

by a few simple unbranched tentacles.

An older specimen of Petricola p7ioladifo7-mis than that just considered is shown in

PI. xxx, fiig. 7. The umbos are too ai'cuately incurved to show the prodissoconch if

it were existent, and as a fact, it is not, Ijeing eroded away before this period is reached.

The younger portion as indicated by the lines of growth is oval and marked by coarse

concentric lines. A distinct stage is indicated in the oval portion of this specimen and
similar stages are common, but variable in individuals. The umbos are progressively

pushed anteriorly during the younger gi'owth. Rugose plications originate suddenly, the

earliest stages having none. From the period of the introduction of plications, the shell

rapidly assumes features characteristic of the adult, diftering principally in not being so

elongate, differing also of course in that the rugose plications of the adult are produced

nearly to what then becomes the umbo of the shell. The siphon tubes of Petricola of

the age of fig. 7, are long and are capable of being extended to a length considerably

greater than the total length of the shell. They are sepai-ate throughout their length

beyond the shell borders as in the younger specimen, fig. 6. In the adult, on the con-

trary, Verrill says they are united for about a quarter of their length. In specimens of

the age of fig. 7, the branchial siphon, PL xxx, fig. 8, is surrounded at its tip by tenta-

cles which branch laterally, intermediate with which are some simple unln-anched tenta-

cles. The dorsal excurrent siphon of the same and of similar specimens on the contrary

has no branching tentacles, all being simple as in fig. 6. This condition of the orifices

is similar to that of the adidt described b}^ Verrill, excepting that he says some bi-anch-

ing tentacles exist at the orifice of the excurrent siphon though fewer than at the oiifice

of the branchial siphon.

Ve7ius mercenaria, L. I seciu-ed a number of young shells of this species in the drain-

pipe traps at Buzzards Bay. The youngest specimen, PL xxx, fig. 9, has a sharply

defined prodissoconch which is yellowish-white, covered with a delicate ei)idermis and
bears fine concentric lines of growth. It is separated from the succeeding dissoconch

growth by the changes then introduced in the marking of the shell, angles of curvature

and color, which though covered with a thin epidermis is nearly chalk-white. The first

stages of the dissoconch are marked by the series of concentric ridges and furrows char-

acteristic of young shells of this species, but which are wanting in the adult. This

feature is shown at the umbos of Dr. Gould's figure of the species. Kidges and furrows

like those found in young Venus mercenaria are characteristic of the adult in some sjic-

cies ofthe genus, as Venus rugosa, Chem., ofthe "West Indies. The same feature is shown
in a high degree in the closely allied genus Cliione, and its occurrence in young Venus
mercenaria is evidently of genetic significance. In its earliest growth, PL xxx, fig. 9,

the dissoconch shows only faint traces of a lunule (which was lui fortunately over-

looked when the figure was drawn) but it is a marked feature in the older specimen,

PL xxx, fig. 10, and is characteristic of the adult.

Tottenia gemma, Perkins. A few young specimens were collected in August at Buz-
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zards Bay. The prodissoconch is oval, rounded and not sharply defined from the suc-

ceeding dissoconch, as both have nearly the same shape and the same peculiar violet

color. The prodissoconch is marked by a fine pitted structure which partially obscures

the lines of growth. The dissoconch bears closel}'' crowded lines of growth and is vio-

let or amethyst color over its whole surface. In the adult, on the other hand, the shell is

mostly white or rosy, the amethyst color ])eing limited to the umljonal and posterior por-

tion of the shell. Gould says this species is commonly taken for the fry of Venus mer-

cenaria on account of the color of the tip (young). This is an unnecessai-y mistake as

the lunule, elevated ridges and white color of young individuals of that species (PL xxx,

figs. 9-10) are wanting both in the young and adult of Tottenia.

Scrohlcularia tenuis, PI. xxx, fig. 11, illusti-ates a specimen from the collections of

the Smithsonian Institution. It has a distinct prodissoconch which is not, however, as

sharply defined as in many genera because the succeeding dissoconch is so like it in foi-m

that no marked contrast is produced by the inti-od notion of that latei- stage. The pro-

dissoconch shows concentric lines of growth and its limits are defined by a varix of

growth indicating the close of the stage.

Saxicava arctica, Desh. Young specimens were collected on the roots of Laminaria

at Cohasset and Chelsea Beach in September, 1889. A very sharply defined prodisso-

conch exists at the umbos, fig. 50. It is ovate with uml)OS directed anteriorly and shows

fine concentric lines of groAvth. The
succeeding dissoconch is oblong, cov-

ei-ed with a delicate epidermis, as is the

prodissoconch and bears comparatively

coarse strongly defined lines of growth.

The ligament is external and forms a

prominent feature of this early stage as

well as in the adult. Two ridges which

extend posteriorly from the limits of the

prodissoconch valves are ornamented

with spines. The spines vary in size

and number, but persist in s])ecimens up to four or five millimeters in length after which

they were not observed. Their existence is noted in the young of Saxicava in Binney's

Gould.

3Iya arenaria, L. A number of young living individuals of this species were found

actively crawling on the glass slides in the drain-pipe traps at Buzzards Bay during

August, 1888; the spec imens varied from 0.6 mm. to 5 mm. in length. At Chelsea Beach,

Mass., in September, 1889, many clams wei'c also collected, from very young to those hav-

ing the adult characteristics fully developed. The specimens varied from 1.5 mm. in

length upwards, and instead of being free crawling, as were those collected at Buzzards

Bay, they were for the most part burrowing in a bed of dead eel grass where the roots

and mud formed a comparatively solid mass. The burial was superficial and so abundant

were the little clams that a handful of the material might contain fifty specimens more or

less.

In ver\' young Mya, PI. xxx, fig. 13, a remarkable condition of the siphon tubes exists.

Fig. 50.—Youiii; Saxicava arctica, showing oval roiinded pro-

dissoconch and succeeding spinous dissoconch. The ligament is

external and prominent. X 38 diam. (Drawn by .J. H. Emerton.)
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The tubes are divided fi-om the base beyond the shell margins and are not coalesced at

any point visible when fully extended. The relation between this condition and that

found in the adult is of much interest and was fully illustrated in the specimens which I

studied alive. The excurrent tube, PI. xxx, fig. 13, is composed of most delicate trans-

parent tissue. It is prolongx'd in a proI)oscis-like fashion and is frequently extended and

retracted with a jerky irregular motion. Water is expelled intermittently, and between

the expulsions the si[)hon tube is somewhat retracted. The tube has a small contracted

orifice and a tentacle was noticed at its base. More tentacles at this region doubtless ex-

isted, for many are found in the next stage, but 1 hey were not observed. The incui-rent

branchial siphon tube, fig. 13, is nuich shorter than the excuiTcnt tube. It has thicker

walls, bears a circlet of simple tentacles at its orifice and does not take part in the fre-

quent extensions and retractions characteristic of the exeiuTent tube. The siphon of an
older specimen measiu-ing about 7 mm. in length is represented in PI. xxx, fig. 14. Short

termini of the excurrent and iucnrrent siphon tubes similar to those of fig. 13 exist at the

tip; but between these and the shell, a massive coalesced growth of the tubes has de-

veloped by interstitial growth of the extended mantle border. Thns the portions of the

siphons which are found in fig. 13 are now pushed out to the terminus of what may be

called the massive siphon. The massive siphon is pigmented in dots, especially near the

terminus which approaches nearest to the light, and it is covered by a delicate epi-

dermal layer as in the adult. Tentacles fringe the free, distal border of the massive tube

around its entire circumference, and a line of black pigment closely underlies the tentacles.

The excm-rent terminus, as in fig. 13, is composed of delicate tissue, is extensible and has a

small contracted orifice which is plain, bearing no tentacles. Under higher magnification

small dots regularly placed were observed on the walls of the excurrent terminus. The
incurrcnt siphon terminus, as in fig. 13, is shorter than the excurrent. It is composed of

thicker tissue and is constantl}^ extended, not intermittently extended and retracted

as is the excui-rent terminus. Tentacles surround the orifice of the incurrent siphon and

between the tentacles is black pigment bordered by orange; the tentacles also are them-

selves slightly pigmented. The pedal orifice of the mantle border in specimens of this

age bears short papillose tentacles.

The develo]mient of the siphon from the condition just descril^ed, PI. xxx, fig. 14, to

the adult condition is merely a series of mechanical changes. The massive siphon elon-

gates proportionately until, as Yerrill says, in the adult it can be extended to the length

of a foot or more. The termini of the tubes described in the young exist iu the adult,

but are so reduced in proportion to the entire siphon that they are hardly noticeable.

The incurrent terminus is so short that it appears, as I have seen it described, that two
rows of tentacles exist at this opening, whereas the fact is that one row surrounds the

ti[) of the massive siphon and the othei- the free border of the incurrent si[)hon terminus

as in fig. 14. The true condition of tiie parts in the aduH is clearly figured by Morse, iu

his "First IJook of Zoology."

A condition of the siphons, similar to that of PI. xxx, fig. 14, exists in adult Mija Iran-

cata, as figured by Forbes and Hanlcy, and a condition similar to that of the earlier stage

of Mya arenaria, PI. xxx, fig. 13, is found in the adults of several genera, some closely al-

lied to Mya and some not. Most important to us is the fact that tliis early condition of
MKMOUIS liUSTON SOC. NAT. UIST., VOL. IV. 50
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the siphon exactly corresponds to what is found in the ad nit of Corbula (see Fischer, fig.

855). Corbula presents in the adult many features found in the early development of

Mya and as it is the most ancient member of the Myidae, being known from the Trias

np, these facts are features of genetic importance in Mya. The great development of

the siphon in 3/yrr arenaria is most distinctly a correhition of structure induced by its

habit of dee[) burial, and in the development of the individual we fiud that with increas-

ing age as the individual burrows deeper the siphon elongates.

Professor Ryder (63), in a paper recently published, announces the discovery of a bys-

sated condition in young Mya arenaria. Si)ecimens studied at Buzzards Bay did not show

this feature, althongli kept alive for several days; the clams from Ciielsea Beach, however,

did show it. I had them in glass dishes and many became attached to the sides and bottom.

The byssus is pi'oduced from the ventral border ofthe foot at about the position of its ])oint

of extrusion from the shell in PI. xsx, fig. 13. The animal attached itself as observed

b}^ a few (1—i) colorless threads of great delicacy. The threads were not expanded in

disc-like distal termini as in the byssus of Pecten and My tikis, but were glued to the

glass for a considerable part of their length. Sharp angles in the line of the attached

portion often existed, and separate threads often coalesced proximally. Byssal fixation

occurred in specimens varying from 2.7 mm. to 9 mm. in length, and it was evidently a

strong habit, for when detached, in a few minutes the fixation was again effected. A
byssal cleft is charactei'istic of Corbula and Sphenia, near allies of Mya, according to

authors, and Forbes and Hanley state that a byssal cleft exists in the foot of Mya tnm-

cata. In a very young specimen of Mya arenaria studied alive, the gills were filament-

ous, ciliated and expanded at their tips as shown in the gills of young Ostrea, PI. xxiv,

jBg. 3. I did not determine certainly whether cross-l)ars united the tips or not.

A young specimen of Mya arenaria., PL xxx, fig. 12, shows the prodissoconch, /?,

clearly. The prodissoconch is rounded in outline, with umbos directed anteiiorly. It

is glistening and translucent, covered by a delicate epidermis and marked by fine con-

centric lines of growth. The prodissoconch may be retained in well preserved speci-

mens, much older than fig. 12, even in those which are several millimetres in length; but

commonly it is lost early from erosion. The prodissoconch is not so sharply marked off

from the succeeding growth in Mya as in many genera, because the dissoconch growth

has no striking features' which originate with its introduction. It is, however, perfectly

clear when preserved.

Professor Ryder (63) in his paper on Mya arenaria, published January, 1889, says

that he did not find an embryonic shell in young clams such as is characteristic of young
oysters. Since that time I have sent him specimens showing the embryonic or larval

shell (prodissoconch) of Mya, and he acknowledges their existence in a letter, sa^Muo-;

" The specimens which you have been good enough to send show the larval shill very

distinctly indeed, much more plainly than my own materials, in fact."

The dissoconch growth of 3Iya arenaria is covered with a delicate epidermis and is

much whiter than the ])rodissoconch. I did not find any ti-ace of prismatic cellular tis-

sue in the yomig shell of Mya. The early dissoconch growth. PI. xxx, fig. 12, is rounded

in outline anteriorly, but truncated ])osteriorly and marked by fine concentric lines of

gi'owth. An older specimen of a clam is seen in PI. xxx, fig. 13. The prodissoconch
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of this later stage, on account of the arcuateness of the umbos, is not seen so clearly in

side view as in the younger stage. The shell ilitfers nuich from the adult in form, being

less rounded anteriorly and less pointed posteriorly, also the valves gape less proportion-

ately than in the adult. An angular i-idge runs from the umbos posteriorly to the ven-

tral border of the valves, emijhasizing a flattened area above it. The features described

are found in older young specimens, but gradually fade out and in successive growth

give place to the characteristics of the adult.

The young shell of Mya arenaria bears a marlved resemblance to some species of

Corbula (leaving out of cansideration the inequality of valves in many species of that

genus) ; especially does it resemble C. contracta, Say, of our coast. The anatomy of

young Mya also bears a close resemblance to the adult of Corbula (see Fischer's fig.

855) in possessing a similar siphon, PI. xxx, fig. 13, papillose tentacles on the mantle

border at the point of extrusion of the foot and a byssated foot. As Corbula is the old-

est known genus of the Myida?, being found from the Tiiassic upwards, and as it pre-

sents similar features to those found in the young of Mya, it is probably in the line of

ancestry of the Myas and is a near representative of the form from which they have

descended.'

XV. On the Genetic Kelations of the Prodissoconch.'-

In the development of Pelecypoda at an early embryonic stage, which I have described

as the phylem])i-yo stage, the two valves of the shell are sub-circular or saucer-shaped;

but flattened into a straight line at the hinge area where they are joined by a ligament.

This stage is characteristic of many developing Pelecypods (PI. xxiii, figs. 7-11 ; PI.

XXIV, figs. 13-16 and fig. 25, p. 300)' and apparently represents a primitive ancesti-al

condition common to the whole class. Embryology shows that the Pelecypod shell orig-

inates from a single shell gland and that the two valves doubtless arose from the split-

ting on the median line of a primitive univalvular ancestral form. If that ancient

univalvular radical had a saddle-shaped shell as in young Dentalium, PI. xxiii, tig. 13,

or a ci;p-shaped shell as exists in very early stages of cephalous mollusca,* the first re-

sult of the introduction of a median hinge would be to straighten the shell on the hinge

line. This is a simple problem in mechanics; for, if one tries to break by flexion a piece

of metal which is saddle-shaped or cup-shaped, the metal will tend to form a straight

' Since this paper was in press, a prodissoconcli has lieeu

discovered in a numljer of srenera not considered in the

foregoing pages. An ovally rounded prodissoconcli lias

been found in I^''ucula proxima and in Tellina. In both

genera the umljos of the prodissoconcli are directed pos-

teriorly as in the adults A prodissoconch has also been

discovered in Chione, Cardita, Cardinm, Mactra and a

number of undetermined genera belonging to other families

of Pelecypods. In these latter the umbos of the prodisso-

couclis are directed anteriorly, and the succeeding disso-

conch is destitute of prismatic cellular tissue.

' This section and the next one, xvi, have been con-

siderably altered and added to since this paper was oftered

as a thesis at Harvard University on May 1, 18.s0. The ad-

ditions are not indicated excepting by this note.

^ It is also described in Teredo by Hatschek. Excep.

tions to the rule occur as in Pisidium, where according

to Lankester (43; the early embryonic valves are triangu-

lar. I think such cases may be considered exceptions in

which the straight hinge period is skipped by acceleration

of development.
* The sliell of Gasteropods, as I have observed in stud-

ies of Sycotopus, is cup-shaped before it acquires the

spiral form of the completed protoconch, and a similar

condition is shown in Lankester's (43) figures of Aplysia.

The shell of Pteropods and Cephalopods is also at first

cup-shaped as is obvious in studying the changes that

must take place in the building up of the completed pro-

toconch, PI. xxLU, ligs. 15-18.
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line on the axis of flexion. A directly parallel case is the condition existent in bivalvu-

lar crustaceans. These originate by the introduction of a hinge in the median line of

the carapace of a normal crustacean. The ancient Ostracoda,—Leperditia, Aristozoe,

etc., have a straight hinge line and sub circular valves which are united on the hinge

line by a ligament. Thus, the resulting form of the bivalvular shell in these two entirely

distinct classes is strikingly similar.

The next stage in the develojiraent of the Pelecypod shell is the loss of the early

straight hinge line which is superseded by a curving of the hinge line and a centraliza-

tion of connecting tissue and teeth of the two valves in the median line of the hinge.^

The necessary form of the valves of an equilateral bivalve, fi-eely crawling on the ven-

tral border, is curved in section. Therefore, more oi- less arcuate iimbos would develop

during successive growth. This condition of growth would bring the shell to the foi'm

of the completed prodissoconch stage which is the i-epresentative of ancestral type rad-

icals in the ontogeny of the individual. A close parallel of this later stage of shell

growth is again to be found in bivalvular crustaceans. Some genera, as Esthei'ia, have

a curved hinge line, more or less ai'cuate.innbos, and bear a close resemblance to Pele-

cypods. In this consideration of the mechanical origin of the Pelecypod shell, especial

attention should be called to a highly interesting and important paper by Dr. Dall,'- in

which he demonsti'ates in a most striking manner the mechanical relations of the liga-

ment and cartilage to the hinge in Pelecyjjods, and the progressive, mechanical devel-

opment of systems of hinge teeth in this class.

The form of the shell up to the close of the prodissoconch stage seems to be the nat-

ural outcome of the bivalvular contlition. I think the muscles which close the valves

may be demonstrated to be the necessary consequent of the mechanical conditions of a

bivalve shell. The anterior adductor muscle in Pelecypods is reduced and finally dis-

appears when it comes into such position that its functional activity is lost, e. g., Ostrea,

Pecten, Mulleria, etc. (section v). The posterior adductor also may disappear through

disuse. In Aspergillum, whei'c the two valves have united so as to form a simple tube,^

and therefore, of course, the action of the adductor muscles is lost, the posterior adduc-

tor has disappeared and the anterior is reduced to a few disconnected shreds (Fischer).

In the phylembryo stage of Pelecypods, fig. 25, p. 300, PI. xxiri, figs. 7-11, the valves

are closed by a single adductor muscle, the simplest condition mechanically possible to

effect the desii'ed end. This adductor does not seem to be homologous Avith any muscle

in other classes of molluscs, and it probably developed as a necessary consequence of the

'A straisht hinse line is cliaractcristic of many Pelecy-

pods and it is not easy to perceive wliat canses led to the

adoption of a cnrvod one in the primitive radicals of the

class. That it was adopted, however, is predicated by the

form of the completed prodissoconch as described in these

pages. See Plates xxiv-xxx. The prodissoconch of the

Unionida; has a straight hinge line, the reasons for which

are discnssed on p. 3G8.

'^ On the hinge of Pelecypods and its development, with

an atteni])! toward a better snbdivision of the group. By
Wni. H Dall, Am. Journ. Sci , Vol. xxxviii. pp. Ho-WI.
Published since this paper was in press.

^ The tube of this and similar genera is commonly spoken

of as if it were something separate and distinct from the

shell, whereas it is a moditicd condition of the sIk'11 and

should be so considered. In the young of Aspei-gilUun ev-

ery step can be traced between the typical bivalvular stage

and the period wheu the two valves merge into one anoth-

er by concrescence and form the truly unlvalvular condi-

tion characteristic of the genus. This concrescence of

the apposed borders of the two valves in Aspergillum is

jiaralleU'd by the concrescenc2 of the two sides of the eni-

liryonic saddlc-shapcd shell of Dentalium. PI. xxiii. fig. 11,

which unit',' to form the tubular shell of the adult, as de-

scribed l)y Laeaze-Duthiers (42).
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coiulitioiis of the case.^ In support of this view, the bivalvular crustaceans may again be

cited as they have an analogous adductor muscle, developed, of course, on an entirely

different line of descent, but nnder closely similar mechanical conditions. In the com-

pleted prodissoconch of all Pelecypods there are two adductor muscles, PL xxiv, figs.

1-2, PI. XXX, fig. 4,^ thus arriving at what may be called in this respect the typical con-

dition of the class. During later life the anterior, the posterior, or both adductors, may
be retainefl, reduced or lost, according as the persistence or changes in correlated feat-

ures of anatomy retain in use or bring into disuse the muscles in question.

The preceding studies show the existence of an embryonic shell to which I have given

the name of prodissoconch (p. 311) in many widely separated genera of Pelccypoda.

We will now consider this early shell and see if any close connection can be traced be-

tween it and ancestral forms of which it is the representative in early stages of develop-

ment.

Two classes of prodissoconchs and succeeding shell structure are described in the

preceding pages. In the first division the prodissoconch has umbos directed posteriorly

and is not prismatic, but is succeeded by a dissoconch having an extei-nal layer of pris-

matic cellular tissue which is moi'e or less developed, but exists at least in the early

nepionic stages of one valve. The?e features are characteristic of the Aviculidae, Os-

treadfe, Pectiuid;\i and Anomiada?, as shown by representative genera. The second di-

vision is less well defined; but with one exception can be sepai'ated from the fii-st. The
prodissoconch of this second division has umbos which are directed more or less ante-

riorly. It has no prismatic cellular layer and is succeeded by a dissoconch which has no

pi'ismatic layer. Such features are characteristic of genei'a repi'csentingthe families My-
tilidte, Arcicbe, Chamid;B,Petricolid», Cycladida3,Veneridie,Glycimericla3, Scrobiculaiidaj

and Myida?. The 3'oung of the Unionidye as described (page 3L)5) does not come
under this second section but in some features approaches the first. Only a part of the

families of Pelecypods are included under these two divisions. Whether other families

will come under one or the other, or yet new divisions, must be proven by future inves-

tigations (see note, p. 375).

The first of the divisions above considered embraces a group of families (the Avicu-

lidse and allies) intimately bound together as I have attempted to show in this paper.

It will probably prove to be a group of ordinal value and I shall limit myself to this

gwap in considering the derivation of the j^rodi.'^socoyich. The prodissoconch of the sec-

ond division has doubtless a different ancestral kinship or perhaps several lines of ances-

tral kinship as the case may be.

The features by which a possible connection may be ti'aced to the radical ances-

tor from which the prodissoconch form is inherited includes features of shell structure

and anatomy, for we Ivuow both in a measure from the results of the studies in this pa-

'The mantle of molluscs often has a highly developed 'Also figures by Lovfin, Schmidt and other investigators

muscular system, and it seems probable tiiat the adductors of marine and fresh-water Pelecypoda The fact of the

of the Pelecypod arose from a modification of mantle two adductors is also attested by the form of the prodis-

mnscles. A somewhat similar modification of these mus- soconch in the genera figured on Plates xxvi-xxx inclu-

cles is seen in the retractor muscles of the siphon, charac- sive.

teristic of many Pelecypods, as the clam, PI. xxv, flg 9.
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per. These two lines of iiujuiry linked with the i)roper paheontological sequence are

found to point directly to a form which fills the necessaiy requirements of such an ances-

tor. Data for the inquiry. Tlie shell. In Avicula, Perna, Ostrea, Peeten, Anomia
and allies a prodissoconch exists in which the structure is homogeneous and laminar,

sub-nacreous, not prismatic, though succeeded by a dissoconch having well-defined pris-

matic structui'e. The umbos of the prodissoconchs are directed posteriorly, and the

hinge line is curved. The only genus in which we know the prodissoconch before any dis-

soconch growth has taken place, so to enable us to determine features of the hinge line,

at this stage is Ostrea. In Ostrea edulis, fig. 2G, p. 312, the prodissoconch has teeth

at right angles to the hinge line, and these teeth closely resemble the teeth of Nucula,

when a shell of that genus is viewed from the umbonal region as in the figure cited. In

0. virgmiana, however, no teeth were observed. The anatomy as illustrated by the va-

rious genera yields points of great synthetic value. The prodissoconch has two ad-

ductor muscles as proven in Osti'ea, PI. xxiv, figs. 1-2, and inferred in the other genera

from the form of the prodissoconch valves and the kinship to Ostrea (see studies of

Perna, Avicula, Peeten and Anomia). In the prodissoconch stage of Ostrea the gills

are simple unpaired filaments and they are evidently simple filaments at first in other

s:enera as indicated in our studies of Anomia and Peeten.^ Tlie mantle border of the

])rodissoconch is free around its entire margins except at the hinge line in Ostrea, and

bears no tentacles or siphons. A similar condition of freedom exists in the youngest

stages we know of related genera, and the development of tentacles and eyes described

in Peeten indicates that at a very eaily period the border was without them in that ge-

nus. A foot evidently exists in the t3^pical prodissoconch, for though wanting in Os-

trea," it is present and highly developed at the close of the prodissoconch period in the

young of many related genera (Avicula, Perna, Peeten, Anomia, etc.), as I have shown.

The foot where known is marked by a proximal byssal cleft and a distal cleft which lat-

ter is flattened out when crawling, giving the foot a disc-like, clinging power (see Pec-

ten and Anomia, sections ix and xii).

With the above described jrwdissoconch features as Tcnoimi characters we have to seeTc

for possible kinship ivith ancient forms. These characters are found to be combined in

a remarkable degi-ee in the ancient genus IsTucula which, though living to-day, extends

back to very early fossiliferous formations, fifty species (Tryon) being known from the

palaeozoic. Nucula is one of the few genera known which has the umbos of the shell

directed toward the posterior end of the body.^ The shell of I^ucula is oval, nacreous,

not prismatic' and has a curved hinge line with teeth at right angles to its axis. A tri-

angular, central cartilage i)it is a characteristic feature of the Nuculid;^, and though it

is not definitely known to exist in the prodissoconch it may exist at that stage in some

irenera, and is a marked feature of the succeeding dissoconch in all the ascendent series

' A simple, filamentous condition of the gills as first de- bos are directed posteriorly as far as I have found from

scribed by Lacaze-Duthiers in Mylilus is considered l)y the conchological manuals, are Anatina, Donax and Tel-

cnibryologists as characteristic of all developing Pelecy- lina, the two latter belonging to one family,

poda. * Traces of prismatic cellular structure are noted in Nu-

'The absence of the foot in Ostrea is. fully discussed in cula by Carpenter, but he equally notes It in many other

previous jKiges. genera of Pelecyi)ods, as sometimes seen in slight patches

^ The only genera outside the Nuculida;, in which the um- though not a feature of the shell as in Avicula, etc.
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of the AviciilidjB and their allies. Nucula is dimyariaii, an adductor muscle existing at

either end of the equal valves. The gills are in two pairs, composed of simple, disumted

filaments' (Mitzixkuri) . The mantle borders are plain, without tentacles or a siphon, and

free around the margins. The foot is marked by a longitudinal cleft; accordingly it can

be flattened into a circular disc (Mitzukuri) and it has been observed crawling up the

sides of a glass of sea water (Tryon) indicating considerable clinging capacity of the

foot All these characters coinciding so closely with the features of anatomy and shell

structure known in the prodissoconch, together with the fact that ^ucula is known in

very early fossiliferous formations combine to render it extremely probable that Nucula

or a Nucnloid form is the type we are seeking as the early ancestral radical repre-

sented by the completed prodissoconch in the development of Avicula, Perna, Ostrea,

Pecten, Anomia and their allies.

The fact that I^ucula is found in the Lower Silurian formations and still lives up to the

present day without sufficient changes in its shell structure to make these extremely

seijarable forms in time generically separable, argues strongly for a very high antiquity

for this genus. It was so firmly established in its earliest known forms that it must at

that time have been an ancient genus. It may therefore well have been the primitive

ancestral radical toward which the prodissoconch of the genera under consideration

points as the archetype, still indicated in the development of a modern individual.

I have, therefore, from the results of these studies been able to trace, to Nucula or a

Nuculoid form as a probable type-ancestor, the prodissoconch which I have found to be

characteristic of developing Avicula, Perna, Ostrea, Pecten, Anomia and their allies. In

the next section (xvi) the relationship existing between these several genera and their

allies is traced as far as I am able to do so with my present understanding of the groups.

XVI. Genealogical Connection of the AvicuLioiE and their Allies.

It is shown in section xv that the prodissoconch, which is characteristic of the Avic-

iilidse and their allies, as represented by typical genera, can be traced to Nucula or a

Nuculoid form as a probable ancestral radical of the whole group. In this section later

stao-es of shell growth are considered in their phylogenetic bearing and a tabular view is

given which represents the genealogical connection of the several genera as it is under-

stood from the results of these studies. Fcequent reference is made to the preceding

text for a full consideration of points only briefly alluded to, and many genera not pre-

viously studied are introduced. ^ -, j

The earl V nepionic stage of Avicula, figs. 32-33, p. 330, Perna, PI. xxvii, fig. 1, and

Pecten PI.' xxviii, fig. 9, is closely alike in many species, indicating a common line of

ancestry for these genera. The points of resemblance are as follows:—The body of the

shell is sub-rhomboidal, oblique, the hinge line straight; the posterior wing is rounded

and is not produced beyond the margin of the body of the shell. Anteriorly the straight

hino-e extends beyond the limits of the prodissoconch, and is termuiated by a moderate

aurtcle as in Avicula and Pecten, or the auricle may descend directly from the uinbonal

area without any anterior extension of the hinge line as in Perna. In the several genera

Nucula 1U.S b.ou cou.idcred a primitive prototypal I'ol- pUcity of the gills, vvliich are paralleled iu the early stages

ecypod by several investigators ou account of the sim- of many genera of I'elecypods.
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the lig'ainent joins the valves on the hhige line and a triangular cartilage pit extends

inwards from the limits of the prodissoconch valve as shown in young Perua, fig. 30,

p. 329. Teeth may exist on the hinge line as in Avicula and Perua, or not, as in Peeten.

The i-ight valve in the young of these genera has a byssal sinus originating in the ini-

tial stages of the dissoconch growth on the border of the pi-odissoconch valve, thence

progi'essively produced to the fi'ee border of the valves, flg. 33, j). 330; PI. xxvii, figs.

2, 3, 7, 8, 9, and PI. xxviir, fig. 10.

The form of the young shell as above described is found to be closely similar to that

characteristic of the adults of many Avlculoids from the Lower and Upper Silurian for-

mations. Especially is it comparable to early Aviculoids figured by Barrande. These

early forms dilfer widely from Avicula and require one or more distinct generic names.

The Devonian Aviculoids have been subdivided generically by Professor Hall, but none

of his genera suffice to cover the types which are here referred to. I would, therefore,

inti'oduce a new genns— Rhombopteria.

Khombopteria, gen. nov.^ A group of Lower and Upper Silurian Aviculoids, in whicli

the shell is sub-rhomboidal, oblique, with umbos in the anterior half. The hinge line is

straight, less than the length of shell, and is commonly produced anteriorly as well as

posteriorly from the umbos. The borders of the valves posteriorly descend in a curved

line from the terminus of the hinge without having any posterior extension of the wing.

Anteriorly the borders of the valves descend from the hinge, forming an auricle close to

the hinge line. In some species the auricle may be in close proximity to the umbos with-

out any anterior extension of the hinge line, as m Rhomhopteria (Av.) glahra, s|). Munst.

Two adductor muscles and lateral teeth exist in closely related forms and probably are

characteristic of this genus; but the features are not definitely known. It is quite pos-

sible, also, that a cartilage pit exists, although it also is not known, as the internal char-

acters of the genus have not been ascertained. Type— lihombopteria (Av.J mira, sp.

Barr., fig. 51. For other figures of this species see Barrande's Systeme Silurien de la

Boheme, Vol. VI, PI. 220. Besides the type several species figured

by M. Barrande come under the genus Khombopteria, among which

should be mentioned: M. pseudomira, sp. Barr.; li. cognata, sp. Barr.;

JR. scala, sp. Barr.; H. patricia, sp. Barr. and J?, glabra, sp. Munst, all

of which are figured on Plates 226-228 inclusive.

'^i'iifc.^ Rhombopteria is the nearest approach to a primitive Aviculoid that
Fig. oi —Bhomhop-

j^,^^ been fouud in studying fossil species. Not onlv can the neijionic
teria mira, formation

.

"

E (upper Silurian), Stages of modern Avicula, Peeten and Perna be closely compared to
systeme Siiuneu.

.j.j.jjg type, but camera drawings of the young of Aviculopecten, Lej^to-

desma and other paheozoic and mesozoic allied genera bear a close re-

semblance to Rhombopteria as well. The American Lower Silurian species, Avicula?

treutonen.-ii,s, Con., A.? gregaria, Ulrich, and A.? deniissa, Con., are near allies of Rhom-

bo])teria, especially the species trentonensis. In Aviculoids as a rule, the younger the

specimen or the older the geological formation from which a specimen is obtained the

nearer does it approach to the features of the genus Rhomboptei'ia. In the comparisons

of young Avicula, Perna, Peeten, etc., to Rhombopteria, it will ])e observed that there

1 '/j(/!ii3<i<;, ;i rhoml), and -ts/iov^ a wing.
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is a discrepancy in that the right valve of these genei'a has a well defined byssal sinus,

whereas no byssal sinus exists in any of the figures of Ehombopteria cited. Dr. Beecher

writes me that young AviculaP demissa has a byssal sinus and this s^jc'cies is a near ap-

proach to Rhombopteria, esi'ceially when young, but ditfers in having the posterior wing
jiroduced in the adult. It is quite possible that species of Khombopteria may be fouiul

which have a byssal sinus; but if no such species should be found, it would not seriously

affect our comparison ofyoung Aviculas,etc.,to this eai'ly type. The byssal sinus acquired

in later periods of the development of a group might well be pushed back to the ne[)ionic

stages in the ontogeny of an individual by acceleration of development, also the exist-

ence of the character is quite variable in some genera, as in Aviculopecten.

The genetic relations expressed in the following pages and table must be looked at as

a first attempt to classify the various gi'oups and genei-a in their serial connections, for

such I believe it is. Changes may and probably will be necessary in parts, but as a

whole I believe it represents a close approximation to the true phylogenetic sequence of

the genera considered.

The dimyarian jii'odissoconch characteristic of the early stages of this whole group is

the representative in development of a dimyarian Nucnloid i-adical as discussed in sec-

tion XV. Therefore a Nuculoid form makes a basis from which to start our phylogenetic

series.

These studies tend to show that the primitive Aviculoid ancestor came off directly from

the ]!iuculoid radical because the first nepionic stages of Avicula, Leptodesma, Perna,

Pecten, Aviculopecten, etc., correspond closely with the earliest and simplest known
Aviculoid. If intermediate forms existed between the IN^uculoid I'adical and the earliest

known Aviculoid, traces of it are not indicated in the shell, so that such possible transi-

tional steps cannot be ascertained with oiir present knowledge. Therefore Rhombop-
teria, as the most primitive known Aviculoid, is considered the next step upward in the

phylogeny of the group.

From this point up the phylogeny of the various groups is on divergent lines as ex-

pressed in the tabular view, and in tlie following pages we shall consider the groups in

succession as indicated in the table, p. 391.

Leptodesma,^ Hall, is a genus emliracing a group ofDevonian Aviculoids characterized

by an oblique body. The posterior wing is more or less produced beyond the borders

of the valves; anteriorly the shell is acute or nasutc. The hinge is narrow with a slen-

der, lateral tooth. The posterior adductor muscle is large, subcentral, but the anterior

is not figured by Hall and is therefore presumably very reduced. The genus forms a

natural passage from Rhombopteria to the true Aviculas. As Professor Hall saj^s, the

species present a remarkable assemblage of forms. At one extreme the shell has a well-

developed posterior wing, acute anterior border and byssal sinus closely resembling Avi-

cula. From this extreme it passes ''
. . . through various phases in form, propoi-tions,

etc., until the wing becomes neai-iy obsolete, the byssal sinus obscure and the anterior

end rounded. ..." This other extreme brings the form very close to our genus

' For a consideration of this ami otUoi-paUvozoic genera York, Vol. v, I'arts l-n. I am also recently indebted to

I am greatly indebted to Professor Hall's line work on that venerable palaeontologist for the opportunity to study

Devonian !^aniellil)ranchs in the Natural History of New his collections and types at All)any.

MKMOLUS BOSTON SOC. NAT. UISl'., VOL. IV. 01
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Rhomboi^teria. Leptodesma orus, Hall, is a species with a well-developed posterior

wing but a camera di-awing of the young is rhomboidal and bears much resemblance to

Ehombopteria. The same comparison may be made in a degree by noting the difler-

ences in the younger and older specimens figured by Hall in several species as L. math-

eri and L.jason and it may also be observed by tbllowing the lines of growth in many

of his figures. Leptodesma is therefore considered the next step in the ascendent phy-

logenetic scries.

Avicula, the representative of the family, is clearly deriA^ed from Leptodesma-like forms.

Using Avicvla Mrundo, L., the type species of the genus, as our basis of comparison

we find that Avicula differs from Leptodesma in having a highly produced posterior wing,

a deeji byssal notch in the right valve, and small cardinal teeth. A more or less well-

developed triangular cartilage pit exists in all Aviculas. Li species with a narrow hinge

line, as A. sterna, the pit is only prominent in the young; but in others, as in the sub-

genus Meleagrina, it is a marked feature of the adults.^ In the ontogeny of the individ-

ual we find that Avicula at the prodissoconch stage is referable in ancestry to the Nu-

culoid radical of the group. In the early nepionic stage, fig. 32, p. 330, it is referable

to Rhombopteria ; in the later nepionic stage, fig. 33, p. 330, a considerable wing has de-

veloped and the form approaches near to the winged Leptodesmas. Later still the full

Avicula features are acquired. Thus the ontogeny of the individual represents very fully

the phylogeny of the genus. The first appearance of true Avicula in the geological

horizon is uncertain as many early types called Avicula certainly do not properly belong

to that geniis and the limitations of the genus in the past have not been fully ascer-

tained. It probably is truly i-epresented as early as the Devonian or Carboniferous.

From Avicula many genera and sub-genera are derived, a part of which only we are

prepared to discuss. (Fui'ther consideration of Avicula, see p. 330.)

Pseudomonotis. The young, as observed in P. ecldnata, has a prodissoconch and nepi-

onic stage like the same period of Avicula, figs. 32-34, p. 330. Later, the hinge line

becomes relatively shorter and very moderate abbreviated wings are difterentiated. Mo-

notis occurs later in time and has features closely comparable to Pseudomonotis, there-

fore it is considered provisionally as derived from that genus. Daonella and Halobia

are genera which are sub-rhomboidal in foi-m and present a high reduction of Aviculoid

characters. They are unquestional^l}' side-issues off the ascendent line of the grou]) and

should proljbly be associated Avith Monotis or Pseudomonotis, but as I have not had speci-

mens for study they are not further considered. (Further description of Monotis and

Pseudomonotis, see pp. 331, 332.)

Oxytoma, a genus near to Avicula, has a short hinge line with moderately developed

ears and a slight obliquity of the body of the shell. It seems to be a variation from

Avicula, in the same line as Monotis and Pseudomonotis. Some featiires of the young-

are shown in PI. xxvii; fig. 7. (Fui-ther descri|)ti()n of Oxytoma, see p. 332.)

Cassianella is highly inequivalvular; the young has a prodissoconch and nepionic

stages like the young of Avicula, as shown in C decussata, fig. 35, p. 332. The hinge

line is of moderate length, the wings are moderately produced and cardinal teeth are

'A cartilage pit is fliaractt'i-i.stic of tlie Tocton division toria ami lA'ptoticsma. In all it may be inhcTitcd from the

of this groui) and it is probably eliaracteiistic of Hhondjop- Nuciiloid ancestor in which it is a characteristic featnre.
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well developed. Provisionally, Cassianella is considered a branch from Avicula, ia

the same line as Pseudomonotis, etc. (Farther description of Cassianella, see p. 332.)

Vulsella, when young, fig. 36, p. 332, bears a considerable resemblance to young Avic-

ida, fig. 32, p. .330, as it has a similar prodissoconch and nepionic rhombic form. La-

ter, the i-esemblance is lost, as wings are wanting, the hinge line is highly reduced and

often produced in a curve around the deeply-sunken cartilage ])it. Vulsella is evidently

a side-issue from the Avicula stock and provisionally is placed on the same branch as

Malleus.

Malleus is a genus closely allied to Avicula. The main features of difference are the

great development of piismatic cellular tissue, loss of teeth, deep cartiUige pit and con-

torted form. In the young it resembles Avicula, as pointed out by Woodward. It

should be observed, however, that it is the young of Avicula, fig. 32, p. 330, which the

young Malleus most nearly resembles, as shown at the umboiial region or early growth

of fig. 52. The irregular, contorted growth of adult Malleus, PI. xxvii, fig. 19, and

also the relative great development of prismatic

cellular tissue and extreme reduction in area and

thiclaiess of nacreous tissue, are featiires of the

adult which point toward the probability that Mal-

leus is a degenerate or retrograde genus.

On another line of descent we find Meleagrina.

When young it resembles young AvicuUi, fig. 32,

p. 330, but it has then no teeth. The cartilage pit

descends from the limits of the prodissoconch as

in Avicula and Perna, fig. 30, p. 329. With in-

creasing age the oblique form of the body of the

shell decreases and the characteristic rhombic form

of the adult progressively increases. The rhom-

bic form characteristic of the adults of this and

some other genera is not necessarily to be considered as an inheritance from Rhombop-
tei-ia. It is rather an approach to a form normal to the group and which is frequently

re])eated in genera not closely akin. (Fui'thei- desci'iption of Meleagi'ina, see p. 331.)

Perna is an unquestionable branch from Avicula. The nepionicstage of Perna, Pl.xxvir,

fig. 1, is similar to the same stage of Avicula, fig. 32, p. 330, the main difference being that

the anterior auricle descends directly from the prodissoconch without an anterior exten-

sion of the hinge line. At this age but a single triangular cartilage pit exists, fig. 30,

p. 329, and cardinal and lateral teeth like those of Avicula underlie the hinge line.

Later, new cartilage pits develop on the hinge line, fig. 31, p. 329, and in successive

growth they assume the perpendicular form characteristic of the pits of the genus, PI.

XXVI, fig. 16. The number of pits is variable, but twenty or more exist in some fossil

species. Wings may or may not develop in Perna, PI. xxvi, figs. 16-18, but the body

of the shell is produced oljliquely or vertically as in Avicula or Malleus, PI. xxvi, fig. 19.

In no species are teeth known in the adult and they seem to be purely hereditary char-

acters limited to early stages of development. The microscopic shell structure of Perna

is identical with that of Avicula, and the anatomy of the two genera is alike as far as

Fig. 52.

—

Malleus vulgaris, L. Tip of left valve

showing the foi'iii of the young. X 13 diara.

(Drawn by the author.)
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observed. The numerous and peculiar cartilage pitts, loss of hinge teeth and form of the

shell ])oint out clearly that Perna is a side branch, oif the ascendent line of the Aviculan

series. In these studies Perna is considered the main stem from which important

branches are given off. (Further description of Perna, see pp. 326, 327.)

Bakewellia appears to be a branch from Avicula, in the same line of variation as Perna,

on account of the series of cartilage pits. Tlie form of adult Bakewellia is very similar

to the yoimg ofPerna, Pl.xxvii, fig. 1, so that it might appear to be in the line of ancestry

of Perna. An objection to this assumption is the high d(;velopment of both adductor

muscles, whereas neither Avicula nor Pei'ua has more than a slight development of the

antei'ior adductor. A dimyarian condition has been shown to be characteristic of the

prodissoconch stage of Ostrea, Pecten, Avicula, etc., and in Bakewellia, we merely have to

assume that the early anterior adductor was retained instead of abandoned in the ontogeny

of the individual. A similar case of the retention of the anterior adductor is seen in

Dimya, which has two adductoi'S in the adult though belonging to a typical monomya-
rian group. The form of Bakewellia is sulj-rhomboidal, oblique and is quite comparable

to Rhombopteria. The cartilage pits, primitive form of the valves and large anterior

adductor muscle, point to the conclusion that Bakewellia is a specialized and partially

retrogressive genus.

Gervillia has important characters of foi'm and cartilage pits connecting it with Perna

from which genus it was probably derived. Hornesia, an allied genus, is apparently a

modified branch from Gervillia diifering principally in its iuequivalvular form.

Inoceraraus was probablj' derived from Perna, through the intermediation of Gervillia.

The forms of the genus Avhich are rhomboidal and the most equivalvular, as Inoceramus

cris2)l, Mant., are to be considered the more normal, least modified forms of the genus as

they approach nearest to the condition found in ancestral genera. The oval and pli-

cated genus Actinocei'amus is a modified branch from Inoceramus. Yolviceramus is a

still more modified, oval and highly involute genus probably derived from Actinocera-

mus.

Pernostrea from the Jurassic is a descendant of Perna which attached itself by the

umbo of the left valve and the consequent conditions of fixation modified the shell, in-

ducing an ostrean form. The shell has a series of cartilage ])its like Perna and a form

which closely resembles an oyster. (Further description of Pernostrea, see j). 325.)

From the studies on the development of the oyster, sections iv-vrr, we have come to

consider Ostrea as close akin to and derived from Perna (pp. 326-327). The points of

likeness are features in the anatomy of the soft parts, the prodissoconch and the struct-

ure of the right, free, least modified valve. The points of difference are the absence of

the foot, the highly modified attached valve and the single cartilage pit of Ostrea. The
first two leatures of difference are paralleled in Pernostrea and are ascribed to the effects

of the condition of cemented fixation (section vir). The oyster is a highly modified

form and the reduction of the several cartilage pits of Perna to a single one in Ostrea

is considered as jiai-t of the specialization of the genus. When young, Perna also has

but a single cartilage pit like the oyster; compare fig. 30, p. 329 with PI. xxiv, fig. 19.

Ostrea is the least modified member of the Ostread;i3, as it nearest appi'oaches to Perna
from which it was apparently derived. Grypha3a is a more highly modified genus and
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Exogyra is the most highly modified meml)er of the family. Therefore they are con-

sidered as derived from Ostrca and are in the ascendent series of this peculiar group.

The marked sinuosity in the left valve of GryphaeaandExogyra is compared to a similar

sinuosity in young Ostrea, PI. xxv, figs. 5-6, and is ascribed to the local retraction of

the mantle border at that area where excurrent action takes place (p. 307).

Exogyra is compared to the adult of species ofChama (the base of the Chamidie) and

to the young of Caprinula, PI. xxv, fig. 20,Hippurites and Eadiolites (extiemes of the

same group) which in external form it closely resembles. Tne form of all these genera

is believed to be built up as the result of cemented fixation with its accompanying in-

fluences of environment. When a Pelecypod becomes attached by cemented fixation

the first form induced by the new conditions is a form like Ostrea. A further modifica-

tion in this line of variation is a form like Exogyra. The next step in the same line of

variation is a form like Caprotina or Caprinula, PI. xxvi, figs. 10 and 8. Finally the last

step in the same line of variation is a form like Ilippurites or Eadiolites which are coni-

cal or cup-shaped with a considerable degree of superficial radial symmetry (see section

VII, and especially foot-note, p. 322).

Alecti-yonia which is strongly plicated in both valves and adherent by recurved clasp-

ing spinous processes, is undoubtedly a side issue

from Ostrea and not in the ascendent line of the

family.

I have not had opportunity to study the Pinnidse

satisfactorily as attempts to obtain ver}' young spec-

imens have so far failed. The following is oftered

as the probable genetic relations of the family. Pa-
1

• /TT ii\ • c •
I. 4" „ „ „,1 (..„.„ Fig. 53.—-Tip of vouiia; Pinna, sn. indH. from

Iseopnina (Hall) m form is not lar removed irom „ ,i • • , • ^- , n , .ri V / Panama. Ongiiial in i ale University Museum.

some sj^ecies of Leptodesma and it can be naturally cat. No. 2327. x 4 diam. (Drawn by the au-

derived from that genus by reducing the posterior **'°^')

extension of the wing and increasing the length of the antero-posterior axis. FromPa-
Iseopinna or Aviculopinna to Pinna, is a natural step introduced by an increased acute-

ness anteriorly and a greater curvature of the lines of growth posteriorly. In support of

this view we find that young Pinnas (20 mm. more or less in length), fig. 53, are obtuse

anteriorly, and posteriorly have an obtuse abbreviated extension of the hinge line, like

Aviculopinna. These features gi-adually fade out in succeeding groAvth and give place

to the acute anterior and roundly curved posterior border of the valves which is charac-

teristic of the genus. The Pinnidse should, I believe, be considered a degradational

group because of the great development of pri.smatic cellular tissue and loss of nacreous

tissue (a weakening character), loss of teeth on the hinge line, and relatively large de-

velopment of the anterior adductor muscle (a larval character, highly reduced or want-

ing in the ascendent series of related groups).

Atrina is a peculiar genus of the Pinnidae of twisted irregular growth. In the later

growth of the shell there is a tlirect fusion of the two valves both on the dorsal and ven-

tral border though in less degree on the latter. In a specimen of A. saccata sp., L. in

my collection, 114 mm. in length, the fusion dorsally occupies a length of about 50 mm.
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and in this area tlie lines of growth pass directl}' across from one valve to the other

without any indication of the hinge line. The naci-eons tissue is highly reduced in ex-

tent. The shell has become in a physiological sense a flattened tulnilar univalve which

may be compared in a measure in its resultant form to an Aspergillum {vide note 3, p.

376). In the young of Atrina the two valves are perfectly separable and have not yet

acquired the twisted al)normal features characteristic of the adult. Atrina sliould be con-

sidered a very retrograde genus as it is weak and abnormal to a high degree.

Trichites, another genus derived from Pinna, is peculiar for its excessive development

of prismatic cellulai- tissue which may reach an inch or more in thickness. It is an ex-

treme modification of the Pinnida? of highly ii-regular growth and without hinge teeth.

The great development of prismatic cellular tissue in the Pinnidae disproves the state-

ment commonly made in text-books that this structure is only formed by the edge of the

mantle. The formation of prismatic tissue commonly is limited to that portion of the

shell built by the edge of the mantle, as in Avieula, Ostrea, Anodon, etc., the deeper-seated

portions of the mantle in such cases building naci'eous or sub-nacreous tissue. In Pinna,

Atrina, Trichites and Malleus, however, the deeper seated parts of the mantle as well as

distal edges must build prismatic tissue or this structure would not attain the thickness that

it does, and further we may actually see in fresh specimens that the nacreous structure, as

in Atrina and Malleus, is limited to a very small area near the umbonal portion of the shell.

Pterinea is closely related to Aviculoid tj'pes and jQi is not in the ascendent line of

Avieula proper. The shell is nasute anteriorly and the wing may or may not be pro-

duced posteriorly. The ligamental area of the valves is striated longitudinally (compare

with Meleagrina) ; but no cartilage pit is differentiated, although this is characteristic

(either as a single or several pits) of Avieula and all its various descendants as represent-

ed in the accompanying table. The young of Pterinea as shown by Goldfuss' in P. IcBvis

is rhombic in form and bears a very close resemblance in contour to Rhombopteria, fig. 51,

p. 380. Pterinea is considei-ed as a side branch, probably derived from Rhombopteria.

Aetinopteria (Hall) and Ptychopteria (Hall) are genera described by Professor Hall as

differing from Pterinea in the absence of a strong striated ligamental area and in the ab-

sence of cardinal and lateral teeth. Following his figures and descriptions, it is seen that

Aetinopteria more nearly approaches to the characters of Pterinea than does Ptychop-

teria; therefore, in our table they are arranged in that serial order. Both genera appear

to be on a side branch from Pterinea; not in a direct line of ascent because they are char-

acterized by a loss, not an accentuation or modification of Pterinean features.

Pterinopecten (Hall),a Devonian genus ofthe Aviculopecten group, is characterized by

a long hinge line, with ears not well defined, being simple expansions or extensions of the

hinge line. The various species are frequently described by Hall as sub-rhomboidal, espec-

ially when yoiing, and he mentions that some sjiecies resemble the young of Aviculopecten

and Lyriopecten. Pterinopecten dignatus, Hall, P. conspectus, Hall, and similar species

bear a close resemblance to the young of Pecten irradians, PI. xxviii, figs. 12-13. They

resemble the figures cited in both valves as the right valve has a deep byssal sinus. The

young of Pterinopecten is similar to the adult of Rhombopteria as I have observed in P.

' I't'trefacta Germauife, 1*1. cxix, fig. la.
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intermedins, Hall, P. vertumnus, Hall, and P. conspectus, Hall. Pterinopecten is nat-

urally derived from Ehombopteria by the introduction of slight ears on the hinge line.

It is the simplest known form of the Pectenidse and is ti'aceable in the early stages of

develoj^ment of Aviculopecten and Pecten; therefore, I shall consider Pterinopecten as

directly descended from Rhombopteria and as the base of the Pectinidae from which all

later forms were derived. (Further discussion of Pterinopecten, see p. 346.)

Aviculopecten (McCoy), as amended by Hall, includes forms with a hinge usually

shorter than the transverse diameter of the shell and with both ears well defined. A carti-

lage pit is described by Hall in several species of this genus, also in Lyrioi^ecten and other

allies. A deep byssal sinus occurs in the right valve of many species of Aviculopecten

and diverging furrows exist on the hinge line in some species similar to those found in

certain recent Pectens as P. maxlmus. A finely preserved specimen of Avicnlojxcten

fasciculatus, Hall, shows that when yoimg (3 mm. in height) the shell was rhomboidal

and in its general contour, resembled Rhombopteria. During later growth a long hinge

line and moderately developed ears develop, making the shell at this stage comparable to

Pterinopecten ; later still, the characters of a shorter hinge line and pronoitnced ears give

the shell the characters of the genus Aviculopecten. Similar observations have been

made on the development of Aviculopecten p)rlnceps. Hall, and a few other species. Avi-

culopecten, when young, resembles Pteiinopecten and when adult resembles the young
of Pecten, PI. xxvin, fig. 2. It is, therefore, unquestionably intermediate between these

two types. (Further discussion of Aviculopecten, see p. 346.)

From Aviculopecten we pass to Pecten in the direct line of ascent. Pecten has a rel-

atively short hinge line, both ears well defined, but the ventral (anterior) a little larger;

either a slight or no byssal sinus exists in the ear of the right valve. The ligament and

cartilage are as in Aviculoj^ecten. In the development of Pecten irradians and other

species (sections ix-x) we have shown a remarkable series of phylogenetic characters

which may be briefly alluded to. The prodissoconch, ^j, of Pecten is dimyarian, PI.

xxvir, figs. 8-9, PI. xxviir, figs. 9-10, and is traced to the Nuculoid radical of the whole

gi'oup (see table). The first nepionic stage, PI. xxviii, fig. 9, is rhomboidal, oblique, and

is traced to Rhombopteria; the later nepionic stage, PI. xx\aii, figs. 12-13 has a long

hinge line, and ears which are simple expansinns of the hinge margin; these features

and the deep byssal sinus are traceable to Pterinopecten. The nealogic stage of Pec-

ten, PI. xxvni, fig. 2, has a relatively shorter hinge and well developed ears, and this

stage is traceable to Avicidopecten. Only when the individual has advanced consid-

erably in age are the full characters of the adult, fig. 37, p. 333, acquired. The first

appearance of Pecten geologically is doubtful as the limitations of the genus among pa-

laeozoic fossils has not been fully worked out. All of Professor Hall's Devonian Pectin-

idai are, however, referable to other genera and we will provisionally consider Pecten as

dating from the Carboniferous. From Pecten as a base many genei-a have sprung as

will be presently consideivd.

Lyriopecten (Hall) differs from Aviculopecten in possessing a short hinge and a small

anterior ear. It also differs from Pecten in this last character and it is considered as a

side branch from Aviculopecten. In support of this view we find that a specimen of

Jjijriopecteii orhiculatus Hall, which had a shoi't hinge in the adult, in the young (as ascer-
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tainecl by following the lines of growth) had a long hinge line, with a comparatively slight

development of the ears.

Crenipeeten, Hall, is a genns like Avicnlopecten in form, but with crenulations on the

hinge mai'gins. Pernopecten, Winehell, has a large triangular cartilage pit and a crenu-

lated liinge plate. The crenulations in these genara are described as cartilage pits. A
crenulated hinge plate is found in the young of Pecten tenuicostatas, fig. 38, p. 348, and

P. monotimeris. It has also been found more or less developed in the young of several

recent species of Pecten by Dall (16). He considers the crenulations as an order of denti-

tion' and the crenulations in the fossil genera cited are probably of similar significance.

As evidence against the view of considering them as cartilage pits, it should be observed

that in Perna, etc., where numerous cartilage pits are typical, the primitive pit as well as

succeeding ones assumes the pei'pendicular sides characteristic of the pits of the genus,

figs. 30-31, p. 329, and PI. xxvi, fig. 16. Crenipeeten and Pernopecten are considered as

side issiies from Avicnlopecten.

Lima has many features of anatomy and shell form linking it with Pecten; it is, there-

fore, presumably a side issue from the early members of this genus. (Further descrip-

tion of Lima, see p. 353.)

The genus Chlamys (Bolton), characterized by the great development of the ventral

(anterior) ear and correlated I'eduction of the dorsal ear, is an undoubted branch from

Pecten. When young, PI. xxvni, fig. 14, both ears are nearly equally developed as in

Pecten. Chlamys is a swing in one direction as Lyriopecten is a swing in the other di-

rection, for the latter has the anterior ear very reduced and the posterior ear largely de-

A^eloped. (Further desci-i]ition of Chlamys, see p. 348.)

Yola (Klein) is a near ally of Pecten ; in the adult it is highly incquivalvular, the right

valve is deejDly concave, while the left valve is flat or even slightly concave. AVhen young,

however, it is nearly or quite equivalvnlar. In a finely preserved specimen from Japan,

a pi'odissoeonch and nepionic stages were observed in both valves, similar to those char-

acteristic of Pecten irrad'ians, PL xxviii, figs. 9-12.

Amusium (Schumacher) (see Dall) is characterized by radiating, internal ribs, a short

hinge line, nearly equal ears and a high reduction or complete absence of the byssal notch.

The ears of the right valve may be produced beyond the limits of those of the left, on the

hinge border, as in Amiisiiun japonicnm, thus making an abbreviated approach to the

condition charactei'istic of the genus Entolium, Meek. Commonly a pair of ridges di-

verge from the hinge line and terminate in tubercular processes close to the auricular

sinus of either eai-. Dall has named them auricular crurje. Crura; similar to those of

Amusium may be traced in most species of Pecten, though they are often very reduced,

the terminal tubercle at the auricular sinus alone existing. The function of the crurae

is not understood. Dr. Dall, in his studies of deep-sea Amusium, notes the existence

of prismatic structm'e in several species, in which, however, it was not limited to the I'ight

valves, as shown in our studies of young Pecten (section x). Amusium is considered

a side issue from Pecten, rather than in the line of ascent of the group.

Anomia is doubtless a side issue from Pecten as discussed (section xin). In the

young there is, as in Pecten, a deep byssal sinus in the right valve, PI. xxix, fig. G.

' St'C ivCcroiiCL- to ii ijtipir by \V. U. iJiiU, foot-uotL', p. 37G.
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Later the byssal sinus becomes enclosed to form the byssal foramen as described (fig.

41, p. 354). The peculiarity of the shell and many features of anatomy are clearly at-

tributable to the special conditions of environment of the animal (full discussion, sec-

tions xii-xni).

Enigma is an extreme modification in the Anomia line of variation. The right valve

is very attenuated, the umbos are far removed from the hinge line, and the byssal fora-

men is sub-central. A specimen of^E ligma cenigmatica, Chemn., in my collection is ob-

liquely oval, closely resembling the form found in young Anomia, PI. xxrx, fig. 5. The
left (upper) valve from the umbo to the periphery of the shell shows the fusion of the

lines of growth that takes place at that area as in young Anomia, PI. xxix, fig. 8.

Enigma, therefore, though with full probability a descendant of Anomia, in some char-

acters resembles the nepionic period of that genus.

Placunanomia differs from Anomia in the calcareous union of the borders of the

byssal foramen anteriorly; it also differs in the development of diverging lamellae from

the hinge border. By the encroachment of the borders of the byssal foramen the byssus

in later life tends to become solidly fixed in the lower valve. In Placunanomia macro-

chisma, Desh., the byssal foramen is open in specimens two inches in height and is only

partially closed in specimens somewhat over four inches in height, as far as observed in

the few specimens at command. In the single specimen of Placunanomia rudis, Brod.,

observed, the byssal foramen is entirely closed. Placunanomia is off the direct line of

ascent in the Anomia order of modification, and is transitional between Anomia on one

side and Carolia and Placuna on the other, as demonstrated by Fischer.

Carolia is a genus which seems clearly to be intermediate between Placunanomia and

Placuna, as demonstrated by Fischer. When young, Carolia has a deep byssal sinus like

adult Anomia. Later the sinus becomes progressively deeper like^ iiigma, then the bor-

ders of the notch become joined on the anterior border like Placunanomia and finally the

byssal foramen is cut off by shelly growth, when the shell approaches to the condition of

Placuna.

Placuna in its anatomy is essentially like Anomia but the mantle border has a cur-

tain, like Pecten, as shown by Woodward. The structure of the shell is also very simi-

lar to Anomia. In the ^ew York State Museum I observed an inclosed byssal plug in

young specimens of Placuna sella. The plug occupies the base of a foramen which is

filled up by calcareous growth similarly to Anomia; but in the specimens observed the

plug was already cut off from the body of the animal by a calcareous secretion that had

taken place on the proximal side of that area. A similar condition to that observed in

Placuna sella is described and figured by Fischer in young P. i^dpyrO'Cea. The crur^e

of Placuna, though existing only in the right valve of the adult (the left valve having

corresponding depressions), are equally developed in both valves of the young. The
crnrse of Placuna seem to be a modification and posterior extension of the knob-like car-

tilage support found in the right valve of Anomia. (Further discussion of Placuna, see

p. 362.)

Dimya, on account of some features of anatomy and shell structure, is placed by

Dr. Dall near to Pecten. The shell being osti'caform, he considered that the genus lay be-

tween Pecten and Ostrea. I have shown I think conclusively that the ostrean form of

MEMOIRS BOSTON 80C. NAT. lUST., VOL. IV. bi
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shell is induced by the conditions of fixation in any attached Pelecypod; therefore Dimya
shoidd be considered as a highly modified branch from Pecten, which is ostreaform be-

cause attached. It is shown in this paper that the prodissoconch of Ostrea, Pecten, etc.,

is dimjarian, therefore we may fi\iv\y infer that the existence of two adductor muscles in

adult Dimya is due to the retention of both muscles which are doubtless existent in the pro-

dissoconch stage of that genus. It is to be noted also that the gills of Dimya are in an

archaic condition of simplicity as described by Dall. It is shown in the table of genera,

p. 391, that Pecten and Ostrea are very widely separated genera, therefore no one genus
can properly be considered as intermediate between these two t^pes. Dimya is consid-

ered as a side-issue from Pecten, possessing many archaic and modified featiu'es which

render it a highly retrogressive or degradational form. (Further description of Dimya,
see pp. 306, 324.)

Pedum is evidently a descendant of Pecten. In the nepionic period, Pedum is purely

pecteniform in both valves, not yet having acquired the peculiarities of the genus.

Later, the byssal sinus is enclosed so as to become, in a measui'c, foraminal, and the shell

is apparently closely related to the object of byssal attachment. The right valve is the most
highly modified, although both valves are modified, and in the adult condition bear little

resemblance to Pecten. The peculiar foi-m of the shell of Pediun, it may be reasonably

infei'red, is due to the habit of close byssal fixation.

Hinnites, as already discussed, is an important genus in our conclusions. Up to the

nealogic period, it is free or attached by a byssxis and pectenifoi-m, PI. xxvi, figs. 3-4.

It then becomes permanently attached by soldering the right valve to an ol^ject of sup-

port and Avith this change in habit we find that the irregular ostreaform growth is

introduced as fully discussed (section vii). Hinnites is an undoubted descendant fi-om

Pecten and owes the peculiarity of its form to its adopted habit of fixation. (Further

description of Hinnites, see pp. 324, 350.)

Spondylus, like Hinnites in its nepionic stage, is pecteniform, PI. xxvii, fig. 4; then

becoming attached at this early stage, the irregular groAvth characteristic of the genus

is introduced and the shell becomes spondyliform. The right attached valve is the most
highly modified, and the left valve is the least modified and nearest approaches to Pecten
in foi-m (discussed in sections vii and xi). Spondylus is considered as descended from

Hinnites and is more highly modified than that genus because it earlier adopts the con-

dition of fixation. The degree to which a talon is developed in Spondylus varies, being

least developed in species which are most nearly equivalvular (p. 352). The peculiar in-

tei-locking teeth of Spondylus are believed to be a modification of the auricular cruras

chai-acteristic of most Pectens and especially Amusium. The several teeth of Spondylus

in the yomig seem directly ti-aceable to the knob-like pi'ocesses of the ci-urae existing at

the auricular termination of the cruras in Pecten. In Spondylus apparently by the short-

ening of the cruras, the distal knobs of the same are brought in close proximity to the

hinge line, where they are further modified so as to produce interlocking, articulating

processes. If this assumption in regard to the teeth of Spondylus is correct, they are

teeth of different morphological nature from ordinary cardinal teeth and ai'e to be com-
pared to those only as to mechanical equivalents. (Further consideration of Spondylus,

see pp. 318, 323 and 351.)
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Plicatula is an iiiidoiibted ally of Spoiiclylus, as usually considered. As we have

shown, the shell of Plicatula becomes attached at the close of the prodissoconch stage,

and at once assumes the ostrean form, thus eradicating features of the nepionic stage

which (as in Spondyhis and Ilinnites) might render that stage compai-al)le to Pecten.

Plicatula is considered the farthest removed from Pecten of its group, for in it the ostrean

form is earliest acquired and most completely emphasized in the shell. (Further descrip-

tion of Plicatula, see p. 352.)

The table on the preceding page represents graphically the genetic relations expressed

at various places in this paper and especially in the pi'esent section. AVhen genera are

considered as derived from other genera and in the ascendent line of the group, they are

placed directly over one another, as in the case of Gryphsea and Ostrea. When a genus

is derived from another, but is not considered as in the ascendent line of the series then

it is jjlaced as a side branch, as Alectryonia from Ostrea. Bi'oken lines are used where

the affinities expressed appear to be open to doubt. With each genus is expressed in

brackets its earliest geological appearance, the data for these statements being for the

most gathered from Zittel's Palaeontology. The following abbreviations are used: Low.

Sil., Lower Sihu-ian; Up. Sil., Upper Silurian; Dev., Devonian; Carb., Carboniferous;

Perm., Permian; Trias., Triassic; Jura., Jurassic; Cret., Cretaceous; Tert., Tertiary;

Rec, Recent.

ERRATA.

Page 281, note, the prodissoconch is described in a few genera not incUided in tliis list. For such additions sec sections

VIII, X and XIV.

Page 291, paragraph .5, line 5, for Apysia, read Aplysia.

Page 291, paragraph 6, attention sliould have been called to Dr. W. Branco's monograph: Beitrage zur Eatwickelungs-

geschichte der fossilen Cephalopoden. Pala;ontographica, B. 27, 1880-81.

In section IV, at several points the oyster is spoken of as showing concentration of development, or as a concentrated

type. In these cases for concentration, or concentrated, read acceleration, or accelerated, as that woj'd is more in accord with

the principle involved.

Page 314, line 14, for overlying, read underlying.

Page 330, line 5, for Leioptera, read Leiopteria.

Page 333, line 8, from bottom of page, for shortening its length. It, read then shortening its length, it.

Page 334, paragraph 3, line 13, for exists, read were existent.

Page 335, paragraph 3, line 10, for at that time, read therefore.

Page 336, paragrapli 3, line 8, for specimen if kept, read specimen kept.

Page 33G, paragraph 3, line 12, for condition, read stage.

Page 337, paragraph 2, line 4, for If one break the byssus loose it, read If the scallop breaks loose, the byssus.

Page 338, paragraph 2, line 0, for over, read at.

Page 345, line G, for Actinoptera, read Actinopteria.

Page 361, description of cut, for eo, read 30.

Page 366, line 3, for adults, read young shells.

Page 370, paragraph 3, line 12, for F///read VIL



PHYLOGENY OF THE PELECYPODA. 393

XVII. LIST OF PAPERS QUOTED OR REFERRED TO IN THE TEXT.

In the text, nnnibers in parentheses referring to this list are appended to references when there is need of it, as when tliere

are several references from one author in this list, or when with few references, there might be aml)igulty as to which
one is referred to. When but one reference is given in the list, or the reference intended is clear from the context, no

number is appended in the text.

1. Adajis, H. & A. Genera of MoUusca. London, 1858.

2. Balfour, F. M. Comparative Embryology. London, 1880.

3. Bakrande, J. Systeme Silurien de la Bohenie.

4. BouTAN, L. Recherche sur la Fissnrella. Archiv. de Z06I. Exp. et Gen., 2^ serie, T. in, suppl.

5. BuoNN, H. S. Die Klassen nud Ordnungen des Thierreichs. 180)2-00.

6. Brooks, W. K. Embryology of the Fresh Water Mussels. Proc. Am. Assoc. Adv. Sc, 187.5.

7. The affinities of the Mollnsca and MoUuscoidea. Proc. Bost. Soc. Nat. Hist., Vol. xvrii, 1870.

8. ncvelopment of Fresh Water Pulmonates. Johns Hopkins Univ., Biol. Lab. Studies, 1879.

9. . Development of the Oyster. Johns Hopkins Univ., Biol. Lab. Studies, 1, 1879-80.

10. BuTSCHLi, 0. Entwickelungsgeschichtliche Beitrage. Zeitschr. fiir wissensch. Zool., B. xxix, 1877.

11. Carpenter, W. B. On the Microscopical Structure of Shells. Reports, British Assoc. 1844,1848.

12. Challenger Reports, Vol. xm, Part xxxv. Report on the Lamellibranchiata, by E. A. Smith.

13. Vol. xxvii, Part Lxxiv. Anatomy of Deep Sea MoUusca, by Paul Pelsener.

14. Cope, E. D. Origin of the Fittest. New York, 1887.

15. CoQU.^ND, H. Monographic dii Genre Ostrea, Terrain Crfitace. 1809.

16. Dall, W. H. Report on the Mollnsca (from tlie Reports of the Dredgings of the Blake Expedition). Bull. Mus.
Comp. Z06I. 1880. Dall; see also page 370.

17. Fischer, Paul. Manuel de Conchyliologie. Paris, 1881.

18. Forbes & Hanley. A History of British MoUusca. London, 1853.

19. Gould, A. A. Edited by W. G. Binuey. Invertebrata of Massachusetts. Boston, 1870.

20. Hall, J.iMES. Natural History of New York, PaUeoutology. (See p. 381, note.)

21. Hatschek, B. Ueber Entwickelungsgeschichte der Teredo. Arbeiten aus dem Zool. Inst. Wien, Vol. iii, 1881.

22. • Entwickelung der Trochophora von Eupomatus uncinatus. Arbeit, aus dem Zool. Inst. Wien. T. vi, 1886.

23. HoRST, R. Contribution to our Knowledge of the Development of the Oyster, O. eduUs. BuU. U. S. Fish Comm.,
Vol. II, 1882. Translation.

24. The Development of the Oyster. Rep. U. S. Fish Conun. for 1884. Washington, 1880. Translation.

25. Hu.XLEY, T. H. Anatomy of Invertebrated Animals. New York. 1878.

26. Oysters and the Oyster Question. Eng. lU. Mag., Oct. and Nov., 1883.

27. Hyatt, Alpileus. FossU Cephalopods of the Museum of Comparative Zoology, Embryology. Bull. Mus. Comp. Zool.

Vol. m.
28. Guides for Science Teaching. The Oyster, Clam and other Common MoUusks. Boston, 1880.

29. Transformations of Planorbis at Steinheim, with Remarks on the Efiects of Gravity upon the Forms of Shells

and Animals. Proc. Am. Assoc. Adv. Sc, Vol. xxix, 1880.

30. Larval Theory of the Origin of Tissue. Proc. Bost. Soc. Nat. Hist., Vol. xxui, 1884. See also Proc. Bost.

Soc. Nat. Hist., Vol. x, 1860, pp. 302-303.

31. Parallelism between the Individual and Order in Tetrabranchiate Cephalopods. Mem. Bost. Soc. Nat. Hist.,

Vol. I, 1807.

32. The Evolution of the Cephalopoda. Science, Vol. in, Nos. 52-53, 1884.

33. Values in Classitication of the Stages of Growth and Decline, with Propositions for a new Nomenclature. Proc.

Bost. Soc. Nat. Hist., Vol. xxin, 1888.

34. Genesis of the Arietidie. Smithsonian Contributions to Knowledge. Washington, 1889.

35. Jackson, Robert T. Catching Fixed Forms of Animal Life on Transparent Media for Study. Science, Vol. xi,

No. 275, 1888.

36. The Development of the Oyster with Remarks on Allied Genera. Proc. Boston Soc. Nat. Ilist., Vol. x.xiu,

1888.

37. King, W. Monograph of the Permian Fossils of England. Palaiontographical Society, 1850.

38. DE Koninck, L. Animaux FossUes Carbonifere, Belgium. 1842-44, Supplt.

39. Lacazb-Duthiers, H. Mfimoire sur I'Organisation de I'Anomie. Ann. des Sc. Nat., iv« serie, T. 11, 1854.

40. Mfemoire sur les Organes Genitaux des Acfephales Lamellibrauches. Ann. des Sc. Nat., iv« serie, T. n, 1854.

41. Mfimoire sur le Dfiveloppement des Branchies des MoUusqucs Ac6phales Lamellibranches. Ann. des Sc. Nat.,

lye serie, T. v, 1855.

42. Histoire de I'Organisation et du Diiveloppcuient du Dentale. Ann. des Sc. Nat., lye serie, T. vi, 1850. Con-
tinued in Vol. VII, 1857.

43. L.iNKESTER, E. Ray. Contributions to the Developmental History of the MoUusca. Phil. Trans. Vol. 165, Parti,
1875.



394: ROBERT TRACY JACKSON ON THE

44. Lankester, E. Ray. Mollusca. Encyclopsedia Britannica, Ninth Edition. 1883.

45. Lea, Isa^vc. Observations on the Genus Unio, Vol. vi. I'liilaUelpliia, 1857.

46. Lovfix, S. Bidrai: till Kaunedomen om utvecklingeu aC Jlollusca .Vcephala Lamellibranchiata. Kongl. Vetenskaps
Akademiens Handlingor. Stockholm, 1848. Translated into Oernian in Archiv fiir Naturgeschichte, Vol. xv, i, 1849.

A German reprint with plates was also published by Professor Lovfin, in 1879.

47. MiTzuKuni, K . Structure and Siicniflcance of some Aberrant Forms of Lamellibranchiate Gills. Quart. Journ. Mic.

Sc. , 1881. Repriuted in Johns Hopkins Biol. Lab. Studies, Vol. ii, 1883.

48. Morse, Edwaud S. On the Relations of Anomia. Proc. Bost. Soc. Nat. Hist., Vol. xv, 1870-71.

49. d'Orbigny, a. Pal6ontologie Francaise, T. 3 et T. 4. 1843-47.

50. Owen, Richard. Structure of the Shell in the Water Clam (Spondylus varius).- Proc. Zool. Soc, Vol. v, 1837.

51. On the Relative Positions to their Constructors of the Chambered Shells of Cephalopods. Proc. Zool. Soc,
1878.

52. Patten, W. The Embryology of Patella. Arbeit. Zool. Inst. Wien. B. vi, 1886.

53. Eyes of Molluscs and Arthropods. Mittheilung d. Zool. Station zur Neapel, B. vi, 1885-6.

64. Peck, U. Holman. The Structure of the Lamellibranchiate Gill. Quart. Journ. Mic. Sc, 1877.

55. PiCTET, F. J. Mollnsques Fossiles de Geneve.

56. Pdudie, Alex. The Anatomy of the Common Mussels. Colonial Museum and Geol. Survey Dept., Wellington, New
Zealand, 1887.

57. R.uiL, C. Ueber die Entwickeluugsgeschichte der Malermuschel. Jeuaische Zeitschr., Vol. x, 1876.

58. Reeve, L. A. Conchologica Iconica, London.

59. Reicbel, L. Ueber das Byssusorgau der Lamellibranchiaten. Zool. .\nz., x. pp. 488-490.

60. Ryder, John A. An Account of Experiments in Oyster Culture and Observations Relating thereto. Rep. Maryland

Fish Comm., 1881.

61. The Microscopic Sexual Characteristics of the American, Portuguese and Common Edible Oyster of Europe

Compared. Bull. U. S. Fish Comm., Vol. u, 1882.

62. ( )u the Mode of Fixation of the Fry of the Oyster. Bull. U. S. Fish Comm., Vol. u, 1882.

63. On the Metamorphosis and Post-larval Stages of Development of the Oyster. Rep. U. S. Fish Comm , for

1882. Washington, 1884.

04. A Sketch of the Life-history of the Oyster. Published in Dr. C. A White's Monograph (this list. No. 73).

65. A Contribution to the Life-history of the Oyster, in "The Fisheries and Fishery Industry of the United

States." Section 1, 1884, pp. 711-758.

06. The Byssus of the Young of the Common Clam (Mya arenaria, L.). Am. Nat., Jan., 1889.

67. Sharp, Benj.v-Min. Remarks on the Phylogeny of the Lamellil)ranchiata. Proc. Acad. Nat. Sc. Phil., 1888.

68. ScHMLDT, Ferdinand. Beitrag zur Kentniss der Postembryonalen Entwickelung der Najaden. Archiv fiir Naturge-

schichte, LI, B. I, 1885.

69. SowERBY, G. B. The Genera of Recent and Fossil Shells. Loudon, 1821-26.

70. Stoliczka, Ferd. Cretaceous Pelecypoda of Southern India. Mem. Geol. Survey of India, 1S71.

71. Tryon, George W., Jr. Structural and Systematic Conchology. Philadelphia, 1882.

72. Verrill, a. E. Invertebrate Animals of Vineyard Sound, etc. Rep. U. S. Fish. Comm. for 1871-72.

73. AVhite, C. a. a Review of the Fossil Ostreid* of North America. Rep. U. S. Geol. Survey, iv, 1884.

74. . On Mesozoic Fossils. Bull. U. S. Geol. Survey, 1884.

75. Whitfield, Robeut P. Brachiopoda and Lamellibranchiata of the Raritan Clays and Greensand Marls of New Jer-

sey. Monogr. U. S. Geol. Survey, 1885.

76. WiNSLOw, FiiANCis. An Account of an Experiment in Artificially Fertilizing the Ova of the European Oyster.

Rep. (—) Maryland Fish Comm., 1881.

77. Woodward, Henry. On the Structure of Camerated Shells. Pop. Sc. Rev., Vol. xi, April, 1872.

78. Woodward, S. P. Some Account of Barretia. The Geologist, Oct , 1882.

79. Manual of the Mollusca. Fourth edition, by Ralph Tate, London, 1880.

80. ZiEGLKR, H. Ernst. Die Entwicklung von Cyclas cornea. Lam. Zeitschr. fiir wissensch. Zool., Vol. XLi, 1885.

81. ZirTEL, Kaul a. Traite de Paleoutologie. Translation by Dr. Charles Barrois, 1887.

XVIII. EXPLANATION OF PL.\TES.

The figures which illustrate this paper were drawn by Mr. J. II. Emerton or the author, with a few exceptions which

are noted in the descriptions. All figures of microscopic material were either drawn directly from specimens with the aid

of a Zeiss camera lucida, or were redrawn from camera drawings. The locality and date of collecting specimens are in-

dicated in the description of figures excepting cases where those facts are given in the text. The magnification of

figures and the principal references to the pages In the text where the figures are described or discussed are given as an

aid to readers. Specimens figured in the plates or text, unless otherwise mentioned , are in the collection of the author.

I have to thank Mr. Emerton for the pains he has taken in drawing the figures which largely illustrate this paper.
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Besides the plates the following figures illustrate the text

:

Figs. 1-8. Orthoceras elegans and 0. politum, protoconch and apex of conch, by kind-

ness of Professor Hyatt, p. 202.

Fig. 9. Vermelus radicula, adult, P- 291.

Figs. 10-18. Ostrea edulis, embryology p. 205.

Figs. 10-22. " " " P- 207.

Figs. 23-24. " " " p. 209.

Fig. 25. " " " P- 300.

Fig. 26. Oslrea edulis, prodissoconch p. 312.

Figs. 27-29. Ostrea edulis, the spat, P- 314.

Figs. 30-31. Perna ephippium, young, p. 329.

Figs. 32-34. AvicJila sterna, " P- 330.

Fig. 35. Cassianella decussa'.a, young, . p. 332.

Fig. 36. Vulsella rugosa, young P- 332.

Fig. 37. Pecten irradians, adult, p. 333.

Figs. 38-39. Pecten magellanicus, young, p. 348.

Fig. 40. Pecten dislocatns, shell structure of young, p. 348.

Figs. 41-42. Anomia glabra, adult, p. 354.

Fig. 43. Anomia andeata, young, P- 361.

Fig. 44. XJnio cariosus, glochidium, P- 367.

Fig. 45. Maryaritana undulata, glochidium, p. 367.

Fig. 46. Anodon cygnea, glochidium, p. 367.

Fig. 47. Anodon flttviatilis, glochidium, p. 367.

Fig. 48. Maryaritana undulata, young, p. 367.

Fig. 49. Anodon fluviatilis, young, p. 367.

Fig. 50. Saxicava rugosa, young P- 372.

Fig. 51. Bfiombopteria rnira, a.dn\t, P- 380.

Fig. 52. Malleus vulgaris young p. 383.

Fig. 53. Pinna sp. iudet., young, P- 385.

Figs. 0, 37, 41 and 42 are electrotypes furnished by the liindness of Professor A. E. Ven-ill. Figs. 10 to 24 and 26 to 29

inclusive are electrotypes furnished by the kindness of Colonel MacDouald, United States Commissioner of Fisheries.

PLATE XXIII.

Fig. 1. Embryo of Patella in the morula or mesembryo stage. Fig. la is an optical section of a similar stage (after

Patten), p. 291.

Fig. 2. Embryo of Paludina, gastrula, or metembryo stage: g, gastrula invagination; vi, mesoderm cells (after

Butschli). p. 291.

Figs. 3-4. Embryo of Patella, trochosphere or neoembryo stage viewed from the dorsal side. In the middle of this

region the shell gland appears. Fig. 4 is a similar specimen viewed from the opposite or ventral side : 6, blastopore (after

Patten), pp. 288, 201.

Fig. 5. Embryo of Pisidium pusilum, typembryo stage: s, sliell gland; in, mouth; a, anus;/, foot. p. 291.

Fig. 6. Embryo of Plenrobranchidium, typembryo stage: s, shell gland and beginning of shell; v, velum; m, mouth;

/.foot. p. 201. (Figs. 5-6, after Laukester.)

Figs. 7-8. Glochidium of Anodon fluviatilis, from the gill cavities of the parent : ad, adductor muscle. This period is

referable to the phylembryo stage. The shell has a straight liinge line, and the remarkable spurs, sp, on its ventral liorder.

Fig. 8 is a dili'erent view of a similar specimen. Medford, November, 1888. X 75 diam. pp. 301, 312, 367.

Fig. 9. Developing Modinlaria marmorafa, phylembryo stage : ad, anterior adductor muscle, which alone exists at this

stage ; m, mouth ; s, sliell, which has a straight hinge line.

Fig. 10. Developing Cardium exiguum, phylembryo stage: ad, anterior adductor, whicli alone exists at this stage;

V, velum; m, mouth; i, intestine; a, anus; s, shell, which has a straight hinge line.

Fig. 11. Developing Montacutaferruginosa, phylembryo stage : ad, anterior adductor muscle, wliich alone exists at this

stage; v, velum; m, mouth; a, anus; /, foot; r, r, r, retractor muscles of the velum; s, shell, whicli has a straight hinge

line. (Figs. 9-11 after Loveu.) Figs. 9-11, pp. 280, 289, 201, 312, 375.

Fig. 12. Adult Slava fibrosa, showing a very marked change in form of the sliell : n, nealogic stage; e, ephebolic stage

(after Barraude), life size. pp. 293, 294.

Fig. 13. Developing Dentalium, phylembryo stage: v, velum; s, saddle-shaped shell, pp. 289, 291.

Fig. 14. Developing Dentalium, older than fig. 13. The completed periconch stage, comparable to the period of the

completed protoconch in Gasteropods, etc. : v, velum; s, shell. (Figs. 13-14, after Lacaze-Duthiers.) pp. 289, 293.

Fig. 15. Young Guniatites compressus : p, ovoid protoconch, succeeded by true conch.' pp. 291, 311, 375.

Trom Hyatt (27) after Saudbeiger.
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Fig. IG. Young Ooniatites canaliculatus, var. gracilis: p, globular protoconch, succeeded by true conch.' pp. 291, 311.

Fig. 17. Young Pteropod : p, ovoid protoconch (after Bronn). p. 291.

Fig. 18. TfenJacM^Jtes ac«aru(s, Richter : p, protoconch (after Fischer), p. 291.

Fig. 19. Developing Sycotopus canaliculatus, completed protoconch stage : h, heart
; /, foot ; », velum. Tlie shell

shows distinct lines of growth (after camera drawing by the author). X 24 diam., pp. 289, 291, 375.

Fig. 20. Developing Sycotopus canaliculatus, a period much later than the close of the protoconch stage yet still re-

taining a velum, v, which is enormously developed, and has a ramifying muscular system, shown in the figure : /, foot; t,

tentacles; e, eyes and m, mouth. X 12 diam., p. 289. Figs. 19-20 from egg cases, Buzzards Bay, September, 1889 (after

camera drawing by the author).

Fig. 21. Young CrepidiUa fornicata : p, spiraUy twisted protoconch, succeeded by the sub-conical nepionic growth.

Buzzards Bay. X 24 diam., pp. 292, 293.

Fig. 22. Crepidula fornirata, a series of adult specimens growing on one another and with axes arranged in relation to

currents. An oyster is attached to the base of the colony. Buzzards Bay. Life size, p. 354.

Fig. 23. Crepidula fornicata, much younger than fig. 2 1 : p, the protoconch, which is sharply defined, is succeeded by the

early nepionic growth. Nantucket, July, 1889. X 24 diam., pp. 292, 311.

Fig. 24. Young Acmcea testudinalis var. alveus. Interesting as showing instead of a protoconch, a plug-like cicatrix, c,

formed where the protoconch dehisced. The cicatrix corresponds in form with the base of a typical protoconch. (Com-
pare with flg. 23). X 87 diam., pp. 292, 293.

Figs. 7, 8, 17, 18, 23 and 24 drawn by the author; all others drawn by Mr. J. H. Emerton.

PLATE XXIV.

Fig. 1. Embryonic Ostrea virginiana, growing on a plate of glass from a drain-pipe trap. It is the completed prodis-

soconch stage and dimyarian : a. ad, anterior adductor muscle
; p. ad, posterior adductor

; g, gills, which consist of simple

filamentous processes (compare with fig. 6) ; v, velum
;
pi, palps ; «, anus ; m, mantle border, which is broad and bears

no tentacles. The shell is wholly prodissoconch growth, no spat growth having taken place, and is cemented to the glass

by the ventral border of the left valve. The early straight hinge line similar to that of Ostrea edulis, flg. 25, p. 300, is

lost and superseded by a curved one. X 120 diam., pp. 282, 300, 308, 378.

Fig. 2. Same specimen as flg. 1, viewed from the left side through the glass to which attached; lettering as in flg. 1.

Fig. 3. Ostrea, the same specimen as flgs. 1 and 2, but three days older: pi, palps; ?, rectum; g, gills, which at this

stage are composed of filaments connected at the tips by cross connecting bars ; m, mantle border, broad and not yet

possessing marginal tentacles
; p, the prodissoconch, which equals nearly half the entire height of the shell. Redrawn

from camera drawing by the author, p. 304.

Fig. 4. Ostrea virginiana, young spat growing on glass: ad, adductor muscle; pi, palps. The body is permeated with

liver follicles; g, gills. Three gill lamella; are in view. A, A', B', for an understanding of which see fig. 8. In the early

growth of the right, outer gill i?', no con-esponding gill B exists on the leftside; st, stomach; int, intestine; o, anus;

h, heart; v, large blood vessel passing to mantle border; c.d, foramina through which afferent blood passes to heart;

m, mantle border fringed with tentacles; rm, radial muscles which retract the mantle; s, a sinuosity in the upper right

valve, exists at this poiut; the mantle is constantly retracted and all excurrent action takes place through this sinuosity

as indicated by arrows; p, prodissoconch. Redrawn from camera drawing by the author. X 12 diam., pp. 305, 307.

Fig. 5. Gill plate from a young oyster of age of fig. 4, showing filaments joined by cross connecting bars. p. 305.

Figs. 6-12. Diagrams of gills of developing Ostrea and adult Perna, Anomia and Pecten. The filaments in all are let-

tered the same so as to show the relation of the several diagrams : A, direct filament of inner gill of left side; a, reflected

border of same filament ; A', direct filament of inner gill of right side ; a', reflected border of same filament ; B, direct

filament of outer gill on left side; 6, reflected border of same filament; B' direct fllament of outer glU of right side; 6',

reflected border of same fllament.

Fig. (!. Gills of young Ostrea virginiana, age of flgs. 1-2, this plate, pp. 301, 303.

Fig. 7. Gills of Ostrea, later stage, age of fig. 3, this plate, p. 304.

Fig. 8. Gills of Ostrea, still later stage, age of flg. 4, this plate, p. 305.

Fig. 9. Gills of adult Ostrea, see PI. xxv, flg. 12, p. 30G.

Fig. 10. Gills of adult Perna ephippium, see PI. xxv, fig. 11 pp. 304, 32G.

Fig. 11. Gills of a.<\n\t Anomia glabra, \>. 358.

Fig. 12. Gills of adult Pecten irradians, pp. 336, 341.

Figs. 13-16. Ostrea edulis, early phylembryonic stage of shell growth; 13, viewed from the right side; 14, from the

ventral border; 15, from the left side; and 16, in end view. Compare with fig. 25, p. 300, an anatomical figure of about

the same age. The shell has a straight hinge line and only a slight indication of umbos. From the gill chamber of the

p.irent. X 120 diam., pp. 299, 312, 375.

Fig. 17. Ostrea virginiana, completed prodissoconch stage, viewed from the upper right side, the specimen being al-

ready cemented to an object of support : r, right valve ; I, left valve. Compare with flg. 2G, p. 312. X 87 diam., pp. 312, 378.

Fig. 18. A specimen slightly older than flg. 17, viewed from the anterior end: I, left valve; r, right valve; s, spat

growth, which has begun along the margin of the prodissoconch valves. X 87 diam., pp. 312, 315.

Fig. 19. Young Ostrea virginiana. Tip of left valve from inside whorls of a dead Sycotopus, where it was ijreserved from
'From Hyatt (27) after Saiulberger.
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all eroding action : p. prodissocoiich ; s, spat growth ; I, cartilage pit
; /, tlange-likc extension of margin of the shell ex-

tending over the object of tixatiou; h, border of shell proper, exclusive of flange. X 87 diam., pp. 315, 329.

Fig. 20. Yonng Ostrea virginiana, growing on glass, viewed from right side, showing p. left and right valves of
prodissoconch, and s, the tirst stages of spat growth. X 24 diam., p. 315.

Fig. 21. Same specimen as fig. 20, viewed from the left side through the glass to whicli attached : p, prodissoconch;

s, spat growth, p. 315. Figures 17 to 21 are of specimens from Buzzai'ds Bay.

Fig. 22. Gryphcea arcuata, umijos of .shell showing flat area of early fixation in left valve and corresijonding convex
area of right. Specimen from Lower Lias; in Museum of Comparative Zoology. X 11 diam., p. 317.

Fig. 2.^. Gryphcen calceoln, var. nebrascensis, showing a flat area of early attachment in this highly arcuate sijecies and
a prodissoconch, p. .Turassic of Wyoming, specimen No. 1881, U. S. Xational Museum. X 11 diam., pp. 313. 317.

p-fg. 24. Same specimen as fig. 23, view'ed from in front.

Figs. 3-4 and 22-24 drawn by Jlr. .T. II. Emerton ; flgs. 17-lS drawn by Mr. F. \V. Cobb; all otlier figures drawn loy

the author.

PLATK XXV.

Fig. 1. Young Ostrea Oi(v/iUi(()i(«, growing on glass, viewed from the right side: ;>, left ami riglit valves of prmlisso-

c<nich ; Is, 2s, limits of Hrst and second spat or nepionic stages.

Fig. 2. Same specimen as flg. 1, viewed from the left side through the glass to wliieh attaclied : p, left valve of prodis.

socouch; Is, 2s, limits of first and second spat or nepionic stages; I, margin of left valve, lieyond whicli the right

(upper) valve extends. Figs. 1 and 2, X 24 diam., p. 315.

Fig. 3 Young Ostrea virginiana, viewed from the hinge area: p, prodissoconch; U. left valve; rv, right valve; s, early

spat growth. The left valve has not yet flattened to the object of attachment. X 120 diam., p. 315.

Fig. 4. Y'oung Ostrea virginiana viewed from right side, the specitneu being attached to a shell: /), prodissoconcli,

succeeded by s, the early spat or nepionic growth. X 98 diam., pp. 311, 315.

Fig. 5. Y''oung Ostrea virginiana separated frofn a glass slide on which it had grown and view'ed from right u|iperside :

p, prodissoconch ; Is, 2s, 3s, 4s, four spat or nepionic stages of growth cleai-ly indicated in this specimen ; si, a. sinuosity in

the right valve where excurrent action takes place. Compare with left view of same specitneu. fig. (!. X 8 diatn. , pp.

307, 31(!.

Fig. (i. Same specimen as tig. 5, liut viewed from the left side, by wliich it was attached to the glass before removal.

The left valve is seen to overhang the right on its free borders ; at si, the excurrent sinuosity of the right valve is very
noticeable in this figure, and four nepionic stages are marked in this valve as iti tlie right valve, p. 31(J. Figs. 1-0, iticlu-

sive, are of specimens from Buzzards Bay.

Fig. 7. Young Ostrea virginiana from Provincetown, Massachusetts, showing nepionic or spat stages of growth of

the right valve (Is, 2s, 3s, 4s, .5s). The first two stages were drawn from a younger specifiien, as they were worn of!'

in the specimen at hand. X } diam. p. 316.

Fig. 8. Ostrea virginiana. Two adult individuals fixed to the .sanfe object of attachment. The left hand specitneu is

growing itt the normal position with the right valve uppermost, and the left valve lowermost. The right hand specitneu

is growing in a reversed position with the right valve lowermost, and the left valve, uppermost; in both the satiie rela-

tive form of tlie valves is ntaintained. Buzzards Bay. X § diam., pp. 316, 321.

Figs. 9-12. Revohitioti of the axes, showing the relations of the axes of the Ijody to the shell in typical Pelecypods,

and the serial mechanical relation of the saute. Lettering in the figures : ap. ax, antero-posterior axis, drawn througli the

mouth and middle of the posterior adductor tnuscle ; h. ax, hinge axis, the axis of motion of the valves ; a. ad, anterior

adductor muscle
; p. ad, posterior adductor ; m, month

; pi, palps ; a, attus
; g, gills

; pd, pedal muscles
; /, foot ; b, byssus

;

7i, heart.

Fig. 9. il/j/a arenariit, p. 309.

Fig. 10. Modiola plicatula, \). '^il'.K

Fig. 11. Perna ephippium, pp. 309, 329.

Fig. 12. Ostrea virginiana, pp. 305, 308, 327.

Fig. 8, drawit by the kindness of Mrs. .T. W. Elliot; all other figures drawit by the author.

PLATE XXVI.

Fig. 1. Spondyhis hippuritarum , having a highly modified, deep, attached valve and less ttwxlitied free valve. European
Cretaceous (after d'Orliigtiy). pp. 319,323,351.

Fig. 2. C/iaHJ0SJ?'enai6ifZ«, showitig an ostreafortn, cetneuted valve and flatter free valve (after H. & A. Adams), p. 323.

Fig. 3. Semites cortesi, right valve, showing an early nealogic, regular pecteniform stage, possessing a byssal sinus,

which is succeeded, when the shell becomes attached to a foreign body, by an irregular ostreaform growth, possessitig no
byssal sinus, and losing almost entirely the features characteristic of early stages, pp. 282, 293, 294, 324, 350 and 390.

Fig. 4. Hinnites cortesi, left valve, showing an early regitlar pectettifortn sliell, as does the right valve, fig. 3. When the
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shell becomes attached, the left valve, actiiijt in sympathy with the right, becomes somewhat irregular in growth; l)ut is

less raoclilied than tlie right by the new condition of cemented fixation. Life size, )). 3'Ji. Both specimens from the Eu-

ropean Tertiary, in the Museum of Compai-atire Zoology.

Fig. 5. Mulleria lobata, showing adult oyster-like form and at the tip of umluis a regular Anodoii-shaped shell preced-

ing the attached stage (after H. &. A. Adams), pp. 310, 324.

Figs. 0-7. Mulleria lobata. Tips of the valves magnified to show the early stage, viewed from the dorsal and left side

(after Bronn). pp. 310, 324.

Fig. *<. Caprinnla hoissiji, liavius a deep, conical, rugose, attached valve and an an'uatc, plain, free valve. Euro))ean

Cretaceous, pp. 2,s2, 3i:i, 323.

Fig. !•. Monopleura marcida, showiug a highly moditieil attached valve and a nurnuil frei' valve. .Vnierican Cretaceous

(after White (74), slightly modified), pp. 319, 323.

Fig. 10. Caprolina semUlriata, showing a deep, rugose attaelied valve and shallow, plain, free \alve. Kuropean Creta-

ceous. Compare with fig. 20, a young specimen of this species, pp. 3 111, 323.

Figs. 11-12. Radiolites fle^iriausa. having a highly modified, cornucopia-shaped, attached valve, tig. 12, and a less modi-

tied tlattish free valve, fig. 11. European Cretaceous, pp. 3iy, 324 (tigs. S and 10-12, after d'Orbigny).

Fig. 13. Oslreo vir(/iniana, section showing the deep, concave, cemented valve, and flat free valve :/. lacunte in the

sub-nacreous structure are filled with chalky lime; ad, adductor nniscle, which makes a purple scar at its area of insertion

in the valves. The black line indicates the position of the adductor at dirterent periods of growth, and is very noticeable

in the section, being marked by a contimious purple line. An instructive section to show action of adductor muscle, liga-

ment, growth of shell and change of base of the muscle in successive growth. Buzzards Bay. Life size, p. 320.

Figs. 14-15. Davidsonella rugosa, sp. d'Orb., showing rugose, lower, attached valve (flg. 14) and a flat free valve (fig.

15), indicating that cementation in Brachiopods produces a similar result to that in I'elecypods. European Cretaceous

(after d'Orbigny). p. 320.

Fig 16. Perna ephippium, adult, pp. :')27, 3211, 3S3.

Fig. 17. Perna isngonum, p. 327.

Fig. 18. Perna vespertilio, p. 327.

Fig. 10. Malleus albtis, adult, pp. 327, 383 (tigs. 16-10 after Heeve, reduced).

Fig. 20. Young Caprotina semistriala, from the Cretaceous. The Hues of growth are introduced according to judgment

to render the parts clear, as the specimen is too much eroded to show them. Compare ^vith the adult, fig. 10, this plate.

Specimen No. 2902 in collections of the Museum of Comparative Zoology. X 24 diam. pp. 310.385.

Fig. 2(1 <lrawn liy the author; all others drawn I)y Mr. .T. II. Eniertou.

PLATE XXVII.

Fig. 1. Young Pec)i« ephippium, vieM'ed from left side, showing,;), prodissoconch and succeeding dissoconch growth.

Compare with Pecten, PI. xxviii, fig. 9 and Avicula, fig. 32, p. 330. The form of the shell is strikingly diU'erent from the

adult, PI. XXVI, flg. 10. Specimen from Museum of Comparative Zoology. X 50 diam. (another view of this specimen,

see PI. xxviil, fig. 11). pp. 328, 379, 383.

Fig. 2. Young Perna ephippium, viewed from the right side, showing, p, prodissoconch and succeeding dissoconch

growth. The byssal notch originates at the close of the prodissoconch period in the initial stages of dissoconch gro'wtli.

The figure shows the margin of left valve extending beyond the right in the byssal area and several threads of the byssus.

Specimen from Boston Society of Natural History Collections. Cat. No. 2989. X 24 diam., p. 328.

Fig. 3. Perna ephippium, same specimen and view as fig. 2. showing the prodissoconch, p, and the early stages of

growth of the right dissoconch valve. It is seen in figs. 2 and 3, that as in Pecten the left valve in early stages is larger

than the right, and overhangs it at the umbos. X 87 diam.. p. 328.

Fig. 4. \o\\\\^ Spondylus asperrimus, X\[) ui right att.ached valve:;), prodissoconch; tlie succeeding early dissoconch

growth is pecteniform with a deep byssal notch; as soon as attached the growth becomes irregular, the pect(Miiforui shape

and byssal notch being eradicated. Compare with Hinnites, PI. xxvii, flg. 3. Specimen in Boston Society of Natural His-

tory, Cat. No. 8494. X 50 diam., pp. 351, 390.

Fig. 5. Young Plicatula marginata. viewed from the left side, showing a prodissoconch. p. and succeeding dissoconch

growth. Specimen in Museum of Comparative Zoology. X 50 diam., pp. 325, 352, 392.

Fig. 6. Young Lima elliptica, showing, p, prodissoconch, succeeded by the dissoconch growth. Specimen in Smith-

sonian Institution. From drawing made when at that Museum. Magnified, pp. 353, 388.

Fig. 7. Oxytoma inequivalvis, Sow., und^onal region of right valve showing j), prodissoconch, succeeded by a dissoconch

which has a b.vssal notch in its initial stages of growth, and a ti'iangular cartilage pit. (^onipare with Pecten, several figs.,

PI. xx'STti, and Avicula, flg. 33, p. 330. Specimen from tlie Middle Lias in the Mustnim of Comparative Zoology, Cat. No.

9222. X 50 diam., pp. 332, 382.

Fig. 8. Chlamys islandica, hinge area of same specimen as PI. xxvin, flg. 14, viewed from the right side, showing, p,

prodissoconch, and the byssal notch originating in the initial stages of dissoconch growth. Compare with Pecten irradians

PI. xxvm, figs. 10 and 13. The left valve is larger than the right. X 87 diam., p. 344.

Fig. 9. Pecten irradians. Umbonal view from left side of a similar specimen to that in PI. xx^^^, fig. 10, more enlarged,

showing J),
prodissoconch, and the Ijyssal notch originating at the close of the pi'odissoconch stage. X 87 diam.

, p. 342.

Figs. 4 and dniwii liy tlie author; all others drawn bv Mr. .T. H. Emerton.
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PLATE XXVIII.

Fig. 1. Youuj; Peclen irracUaiis, viewed from tlie left side: (ul. adductor muscle; g, gills; i, intestine; a. amis; h,

heart; /, foot; p r, posterior retractor of the foot; Hi, mantle border bearing eyes, e; and alternating tentacles, t. The
shell bears a prodissoeonch. p. and is of about the age of tig. 12. this plate. Redrawn from camera drawini;- by the aiitlior.

X 40 diam., p. 333.

Fig. 2. Pecten irradians, older than any other young Pecten ligured. Shows an active extensible foot; the mantle bor-

der bears a single eye in each plication of the shell and alternating witli each eye two tentacles (tentacles are omitted in the

right mantle lobe for the sake of clearness). Under the dorsal ear a special (irotrnsiou of the mantle border (pseudosi-

phon) exists, and at this point all excurrent flow takes place as indicated Ijytlie arrow. The shell shows no prodissoeonch,

but the smooth early nepionic stage is indicated. The plications ai'e as in the adult, flg. 37, p. 333, in number and form.

The hinge line is I'clatively long, and Init .slight ears are developed. X 16 diam., pp. 335, 345, 387.

Fig. 3. Pecten irradians, diagram of a gill fllaraent of adult: a, direct border; a', reflected border; s, septum connect-

ing direct and reflected border of about every fifteenth filament : hj. blade cimimencing when se])tuni diminishes. Compare
-with PI. XXIV, tig. 12. p. 341.

Fig. 4. Pecten, di;igramniatic section of adult, to show relations of mantle wall and tentacles : s, sliell ; llr/, liiranieut;

arf, adductor: m, mantle; mio, mantle wall; e, eye; t, marginal tentacles ; (j l, guard tentiicles. p. 338.

Fig. 5. Fa'ces of Pecteu, seen in section and longitudinally, p. 340.

Fig. 6. Pecten, mantle border of fig. 1 enlarged, showing cup-shaped eyes idternating with single i)apiUose tentacles;

no mantle wall or guard tentacles are yet developed on the mantle border, pp. 335, 337.

Fig. 7. Young Pecten, diagram of foot. In foi'ming the byssal attachment it may lay hold of a foreign (il)ject at its tip

and at the point of the byssal cleft, arching up between those points as in the figure, p. 337.

Figs. 8, 8a. Pecten, diagram to illustrate the swimming. Arrows indicate the several currents of water ejected in swim-
ming as described in the text. jj. o'i'.K

Fig. 0. Young Pecten irradians, viewed from left side: p, prodissoeonch, succeeded l)y the early nepiouie stage of the

dissoconch. The form of the shell is distinct and differs from all later stages. Compare with Perna. PI. xxx'ii, fig. 1 , and
Avicula, flg. 32, p. 330. X 50 diam , pp. 333. 342. 379, 387.

Fig. 10. Pecten, .same specimen as fig. 0. but viewed from the right side. The liyssal notch originates with tlie initi;d

stages of dissoconch growth, it is deep, and lias a marginal tooth. The left valve o\-erliangs the right on its free liorder.

Compare with PI. xxvii. fig. 3, and PI. xxix, tig. ti. pp. 328, 342.

Fig. 11. Perna ephippium, same specimen as PI. xxvii, flg. 1, viewed from umboual region: I v, left valve; which is

slightly larger than rv, the right valve. The umbos of the prodissoeonch, p, are directed posteriorly. X 50 diam., p. 328.

Fig. 12. Pecten irradians, older than flgs. 0-10, viewed from the left side : p, prodissoeonch, succeeded by sraootli

early nepionic growth which gives place to a jilicated later growth. The hinge line is proportionately longer than in earlier

stages, figs. 0-10, and is also relatively longer than in the adult, fig. 37, p. 333. Very slight indications of ears exist at this

stage. X 40 diam., pp. 345. 387.

Fig. 13. Pecten, same specimen iis fig. 12. viewed from the right side. Uescriptiou of shell its in fig. 12. A deep liys-

sal notch exists in this valve, originating at the close of the prodissoeonch period. Four teeth exist on the border of the

notch instead of one as in fig. 10. At this age the left valve has ceased to he produced beyond the l.iorder of the right on
on its free margins, as in fig. 10. The shell as viewed from lioth sides ditiVrs markedly from earlier and later stages in ffu-m.

p. 345.

.VU file specimens of Pecten irradians figured were collected at Buzzards Bay, August. 188S.

Fig. 14. Young Chlamys islandica, viewed from left side, showing, p, prodissoeonch, and a smooth early nepionic

growth, succeeded by a plicated later growth. The plications are like those of the adult and mark a stage by their intro-

duction. Tlie hinge line is longer relatively to the width of the shell at this stage than in tlie adult as noted in Pecten ir-

radians, and has slightly developed ears. Specimen No. 272!I4, Smithsonian Institution Catalogue. X 23 diam., pp. 349 and
388. An enlarged umboual view of this specimen seen from the right side, vide PI. xxvii. fig. 8.

Figs. 3-8 drawn by the author; all others drawn by Mr. .1. H. Emerton.

PLATE XXIX.

Fig. 1. Young An(jmia ijlahra. growing on glass, viewed from tlie leftside: ad, adductor mnscle; p r, posterior re-

tractor and a r, anterior retractor muscles of the foot; /, foot; pi, palps; a, anus; h, body permeated with liver fol-

licles; g, gills. Two gill lamelUu are seen from this side, A and b (compare with diagram. PI. xxiv, fig. 11) ; s, sheath

supporting gills; h, heart; v, v, lilood vessels; to, mantle border; p. prodissoc<nicli. p. 355.

Fig. 2. Anomia, same specimen as fig. 1, viewed from the right side through the glass to which attached: ad. adduc-
tor muscle ; a r, anterior retractor muscle of the foot, attached to the left upper vahx, but seen through the glass ; hs,

calcifying byssal tip composed of separate discs of lime which unite to form parallel lines, as shown in the figure; /, foot;

pi, palps, showing slightly in this view; </, gills of which three lamelL-e, a, A', 6', are visible from this side (compare with
PI. XXIV, fig. 11) ; s, sheath which supports the gills; h, heart, a ventricle and auricle are visible from this side; a, anus;
c, ciEcum, highly produced ; m, mantle border ; rv. border of rig'ht valve which by a sinuosity encloses the byssus ; Iv,

border of left valve. Figs. 1 and 2 magnified about 20 diam. Redrawn from camera drawings by the author, p. 355.

Fig. 3. Diagrammatic cross-section of flg. 1, to show action of the muscles; lettering as in fig. 1. p. 355.
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Fii;. 4. Anomia glabra, very youiii;. vie-\vc(l fi-oin tlu' left sick': ;). prodis^ocomli, wliicli is dh tlic bonlur of the valve,

not yet beinir enclosed by the dissoconch jirowth. X .")0 diaiii., p. :','>'>.

Fig. 5. Youns Anomia ylahra. viewed from the left side: p, the prodissoeouch, is iKjt yet siuTouiided by dissoeouch

jinnvth. Compare with tins. + and 8. The dissoconeh is sub-oval and an e.xtensible foot,/, exists. X 50 diani.. pp. 855, 389.

Fill. (>. Anomia, same speeimen as fiir. 5, viewed from right side; p, the prodissoconeh. shows indications of a byssal

sinus in the lines of groM'tli. The dissoeouch is extremely thin, surrounds the byssal notch and anteriorly has grown

around tlie prodissoeouch covering its umbo. The method of growth is indicated by the lines of growth. ]>[> 35it, 388.

Compare with Pccten, PI. .x.xviii, fig. 10.

Fig. 7. Young Anomia glabra, umboual region of right valve: p, the prodissoeouch, shows indications of a byssal

notch which is accentuated in the succeeding dissoconch growth ; the latter finally grows around the byssus so as to en-

close it. Compare with tig. IJ, this plate, also with PI. xxvii, tig. 3, and PI. xxxm, lig. 10. X 50 diam., p. 300.

Fig. 8. Anomia, tip of valve, older than tigs. 4 and 5 and in the same view. The dissoconch growth has now enclosed

the prodissoeouch, p, and the borders of the opposing sides form a marked area by their ingrowth at the umbo. X 50

diani., pj). 35!), 389. Specimens of Anomia', tigs. 1-8, were collected at Buzzards Bay, August, 1888.

Fig. 11. Mijtllus edulis, very young: ;;, the prodissoeouch. succeeded by early uepionic growth. Beach Blutt'. JIass.

X ."jO tliam., p. 3G3.

Fig. 10. Mijtilus ednlis, older than tig. 9 ; p, prodissoconeh, succeeded by uepionic growth. Xautucliet. X 47 diam.

Fig. 11. Youug Modiola hamatus: p, prodissoconeh, succeeded by a smooth nepiouic stage. Later, tlie smooth ne-

pionic stage is succeeded by the plicated growth typical of the species as shown in PI. xxx, tig. 1. Specimen on oyster

shells from Baltimore, collected at Martha's Vineyard. X .50 diam., p. 3G4.

Figs. 3, 5, fi, 9,' 10 and 11 drawn by the author; all others by Mr. .T. H. F^mertou.

PLATE XXX.

F'ig. 1. Modiola hamaltis, older than PI. xxix, flg. 11 : p, prodissoconeh, succeeded by an early ijlaiu uepionic stage,

which is again succeeded by a plicated later stage. Attached to a cluster of Pernas in Museum of Comparative Zoology.

X 50 diam., p. 304.

Fig. 2. Argina pexata, very young, showing a prodissoeouch, p. and succeeding dissoeouch growth. Buzzards Bay, Sep-

tember, 1888. X 87 diam., p. 3(j4.

Fig. 3. Crenella decussata: p, prodissoconeh, succeeded by tlie early dissoconch growth. Specimen from Smithsouiau

Institution. X 23 diam., p. 3t;4.

Fi"'. 4. Sphcerium seciiris : emljryo from gills of the parent. The whole shell of this specimen represents the prodisso-

coneh period: a. ad, anterior adductor; p. ad, posterior adductor; g, gill tilaments ; pi. palps;/, foot; ot, otocyst: si, si-

phon. Medford, Mass., Nov. 1888. X about (!0 diam., p. 369.

Fis. 5. Sphxrium seairis, a little older than tig. 4, viewed from left side : p, prodissoconeh, sui:ceeded l)y early dissoconch

growth. X about 25 diam.,'p. 3(;9.

Fig. 5a. Sphccrium^seeuris. a little older than figure 5, viewed from right side : p, prodissoconeh. X 8 diam., p. 370.

Fi". li. Youutr Petricolapholadiformis, showing p, prodissoconeh and succeeding nepiouic stage which is strikingly difter-

ent from later stages;/, foot; «», mantle border; si, siphons, both with simple, unljranched tentacles. X 47 diam., p. 370.

Fiy. 7. Pelricoln pholadiformis, older than tig. G, shows early uepionic smooth stage succeeded hy the later characteristic

plicated and elongate features typical of the adult. X 8 diam., p. 371. Figs. 6-7, of specimens from Xantueket, .July, 1889.

Fisj. 8. Petricola, tip of branchial siphon of a specimen of aljout the age of tig. 7, showing the arboresceutly liranching

tentacles which surround the orifice. X 19 diam., p. 371.

Fi,"'. 9. Young Vemis mercenaria ; p, prodissoeouch, succeeded by early dissoconch growtli. X 87 diam., p. 371.

Fi". 10. Venus mercenaria, an older specimen than fig. 9, showing a prodissoconeh p, and .succeeding uepionic growtli.

X 40 diam., p. 371. Figs. 9-10 from Buzzards Bay.

Fisi. 11. Scrobicularia JenHjs ; p, prodissoeouch succeeded by early dissoconch growth. The prodissueoncli is not so

sliar|)ly defined as iu many genera, because the early dissoeouch is not characterized liy markedly <litteriug features. Speci-

men from Smithsonian Institution. X 50 diam., p. 372.

Fig. 12. Mija arenaria, very youug: ;;, prodissoconeh, and well defined succeeding dissoeouch. Buzzanls Bay, 1888.

X 87 diam., p. 374.

Fi". 13. Mya arenarin, older than fig. 12 ; a prodissoconeh, p, less clearly defined than when younger, exists at the

umbos. The dissoconch growth has acquired characteristics of the genus in form. A large active foot exists. The

siphon consists of an extensible excurrent and a short non-extensible incurrent tnbe. Buzzards Bay. X 20 diam., p. 372.

Fig. 14. Siphon of a young clam older than fig. 13. The massive siphon is fringed with tentacles. The incurrent

tube is also bordered by tentacles, but the excurrent tube bears none ; it is thin walled and retractile : s, border of shell

from which the siphon extrudes. Chelsea Beach. X 10 diam., p. 373.

Fi^s. 4 to 8 inclusive, and fig. 14 drawn by the author; all others drawn by -^Ir. ,1. II. Euurton.



IX. New Types of Cockroaches from the Carboniferous Deposits

OF THE United States.

By Samuel H. Scudder. .

Read May 7, 1890.

OliSrCE the publication of my revision of the carboniferous cockroaches of the world,

a very considerable number of new forms have been described from the Old World and

a good many additional kinds have been found in our own country. A few of these

from the Eichmond, Ohio, coal fields have been described by me, and a very large num-

ber more are in my hands awaiting investigation. The forms herewith described (for

the first time in full) have been awaiting an opportunity for illustration before final pub-

lication, and extend considerably our knowledge of the ancient fauna, several of the spe-

cies showing much more than the upper wings, upon which we have heretofore mainly

depended. The larger part of them come from Mazon Creek, 111.

MYLACRIDAE Scudder.

As there are two generic forms to add to the three published in my paper on Palaeo-

zoic cockroaches, I add a new table of the genera of this family.

table OF the genera OF MYLACRIDAE.

AU the branches of the mediastinal vein arising close to the base of the wing.

Mediastinal and scapular areas together occupying less than half the wing.

Scapular area larger than the mediastinal Mylacris.

Scapular area smaller than the mediastinal Promylacris.

Mediastinal and scapular areas together occupying lialf or more than half the wing.

Wings broad; externomedian area expanding apically Paromylacris.

Wings narrow ; externomedian area small and compressed, scarcely expanding apically . Lithomylacris.

A number of tlie apical branches of the mediastinal vein arising beyond the base of the wing and scarcely partakinii of

the radiate arrangement of the others Necymyla oris

Mylacris mansfieldii.

Mtjlacris mansfieldii Scudd., Mem. Bost. Soc. ISTat. Hist., in, 47 (1879).

A fragmentary and small specimen of this species, affording some points in addition

MEMOIRS BOSTON SOC. NAT. HIST., VOL. IV. 64 (401)
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to the original specimen, has been sent me by Mr. AV. F. E. Gurley. It is incomplete

and the best face is broken into several fragments, but it shows the greater part of the

costal margin with the outer tip of the wing. Though the wing tapers apically, this tip

is not at all pointed, as was snpposed from the original imperfect specimen, but well

rounded, and the costal margin is i)retty ix'gulai-ly and gently ronnded but a little

flattened beyond the basal two-fifths of the wing, where there is a slight change in

the curve, due to this flattening. As in the oi-iginal, two or three of the mediasti-

nal rays are forked near their origin, and the mediastinal area appears to extend a

very little further than in the original. AVhat can be seen of the other areas (the

scapular vein is nearly complete, but only a little of the others) agrees tolerably well

with those of the original specimen, except that the externomedian vein certainly be-

gins to fork at an earlier part of its course, namely at about the same point as the scap-

ular vein. The wing is preserved a little further toward the base than the original, but

only imperfectly, so that little more can be learned from it. None of the anal veins ap-

pear.

Length of fragment, 17 mm.
;
probable length of wing, 21 mm.

The specimen was found at Petty's Ford on the Little Yermilion river, four miles

east of Georgetown, Yermilion Co., Illinois, in the same deposits that furnished Prop-

teticus infernus Scudd.

PrOMTLACRIS ("/"^) iiu)My.f)k'^ .

Prormjlacris Scudd., Proc. Acad. Nat. Sc. Philad., 1885, 34.

Allied to Paromylaci-is, remarkable like it for its strong convexity, and its stoutness

of form, although surpassed by Paromylaeris in both features; the frontal shield is about

twice as bi-oad as long, sometimes much less than that, and the wings are considerably

less than half as long again as their united breadth.

The mediastinal vein, though large and abundantly supplied with veins, terminates at

about the middle of the wing; most of the branches fork. The scapular and externo-

median veins together occupy the greater part of the wing, the latter tei-minating below

the tip of the wing, but in the difterent species known they are of varying importance,

sometimes the externomedian, at others the scapular, having the predominance; in all,

the externomedian branches are long and nearly straight. The internomedian area is

narrow, though deep, its veins few and f\\int. The anal furrow which terminates only

a little before the middle of the wing is very deeply impressed and the anal area strongly

convex and raised, its veins regular, simple or forked, frequent, and strongly curved.

Indications of legs in one species show that the femora were about as long as half the

width ofthetegmina, and about as stout as in the modern species of Periplaneta.

This genus is closely allied to Paromylaeris, but differs from it strikingly in the much

smaller development of the mediastinal area and the course of the scapular vein, which

runs through the middle of the wing in Paromylaeris but here considerably above it.

The costal margin of tlie wings is much more convex here than in Paromylaeris, the

pronotal shield not so broad in proportion to its length, though this is variable, and the

whole insect not so stout nor so arched.

Three species are known which may be separated as follows:
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TABLE OF THE SPECIES OF PROMYLACRIS.

Prothorax distinctly twice as broad as long. Scapular vein much more important than the externomedian

1. P. testudo.

Prothorax distinctly less than twice as broail as long. Scipular vein not mire important than the externomedian.

Protliorax more than lialf as broad again as long. Scapular vein far less important than tlie externomedian ; anal

veins simple 2. P. ovalis.

Prothorax less than half as broad again as long. Scapular vein not far less important than the externomedian

;

aual veins mostly forked 3. P. rigida.

1. Promylacris testudo sp. nov.

PI. 32, fig. 6.

A single excellently preserved s]iecimen showing both obverse and reverse, slightly

broken on one side. The form of the body with closed wings is sHghtly more elongate

tlian in P. ovalis and it is a smaller species.

The front wings have a strongly developed well rounded humeral lobe; the costal

margin is strongly and regularly convex, while the inner mai-gin is nearly straight, and

the apex, so far as can be told, well i-onnded and not at all produced. The mediastinal

area, which is very broad at base, rapidly narrows and terminates at some distance be-

fore the middle of the wing and before the anal furrow; the main vein is sinuous in its

course, and several of the radiating branches arise from the main stem and nearly all are

forked near the margin. The scapular vein, strongly arcuate at the base, is nearly straight

but apieally arcuate in the opposite sense, running in the middle subparallel to the cos-

tal margin, terminating just before the tip of the wing; half a dozen more or less forked

branches originate from it mostl}^ in the middle third of the wing, neighl^oring ones

sometimes amalgamated at their bases into a bunch. The externomedian branches oc-

cupy all but the upper portion of the tip of the wing, but they are not numerous, though

the earliest originate as far or nearly as far as the scapular branches. The internome-

dian area apparently occupies about half the space from the anal furrow to the tip of the

wing, but the veins are few and obscure. The anal furrow is very deeply impressed,

the anal area being strongly vaulted, its veins delicate, numerous, straight and paral-

lel; the furrow terminates a little bej'ond the middle of the wing.

The whole body is considerably arched but the outer fourth of the costal region from

the scapular vein to the margin is flattened, a flattening which is shared in no way by
the transverse pronotum; the latter is slightly more than twice as broad as long with

well arched, slightly appressed front, pronounced though rounded posterior lateral an-

gles, scarcely convex hind margin, and minutely marginate edge; a slight median furrow

is indicated, besides two anteriorly converging but distant straight and faint depressions

of the surface, and a scarcely perceptible similar V-shaped central impi'cssion.

Length of whole body, 23 mm.; of pronotum, 4.75 mm.; width of same, 10.5 mm.;
length of wing, 19 mm.; breadth, 8 mm.; breadth of closed wings, 14 mm.
The single specimen known comes from Mazon Creek, 111., and was received for ex-

amination from Dr. J. S. Newberry. It is preserved in the Columbia School of Mines.
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2. Promylacris ovalis.

PI. 31, figs. 1-4.

Promylacris ovale Scudd., Proc. Acad. ]S"at. Sc. Philad., 1885, 34-45.

This species is represented by a single specimen and its reverse, in a nodule preserv-

ing well the front half or more of the body.

The wings have all the tip removed, but the curve of the costal margin is so strong

that we may believe only a little less than a third to be gone. This would give to the

whole body a rather short obovate form. The front wings have a strongly develoijcd

humeral lobe, and a costal margin of considerable convexity; the inner margin appears to

be sti-aight but is ill defined. The mediastinal vein originates at the middle of the base of

the wing, and after the basal curve the innermost vein runs in a straight course to near

the end of the fragment, or to what is apparently near the middle of the wing; most of the

branches dichotomize. The scapular vein runs, beyond the base, in a nearly straight

course constantly approaching the margin and terminates appai'cntly at the middle of

the apical half of the wing; it has three principal branches each of which has several

superior branchlets. The externomedian vein is far more important, occupying with

luimerous branches the entire apex of the Aving; the principal branches are three, all

of which originate near together far toward the base and dichotomize beyond. The in-

ternomedian area is unusually small, reaching apparently not so far toward the tip as the

scapular. The anal area is considerably domed, the furrow very deep, considerably

ci;rved and ending only a little beyond the basal third of the wing; the veins are numer-

ous, simple, parallel, curved.

Besides the wings, the prothoracic shield and the legs maybe seen; the former isreg-

idarly arched, about a foui'th as high as broad, and twice as broad as long; the latter

are seen but vaguely as discolorations through the wings, but closely resemble those of

modern cockroaches; whether they are spined or not cannot be said.

Length of fragment of wing, 20 mm.; estimated entire length, 29 mm.; breadth of

same, 12 mm.; length of prothoracic shield, 8.5 mm.; breadth of same, 15.5 mm.; length

of hind femora (partly estimated), 7 mm.; breadth of same, 1.5 mm.
The single specimen comes from Mazon Creek, 111., and was sent to me by Mr. W.

F. E. Gurley of Danville, 111.

3. Promylacris rigida sp. nov.

PI. 31, fig. 6.

A single specimen of which the anterior half is well preserved, including most of the

prothoracic shield; but the apical half of the tegmina is broken aAvay, revealing the

apical parts of the hind wings somewhat displaced. It is ofabout the size ofP. ovalis and

resembles it more than it does the other species, but has its prothoracic shield much
narrower in proportion to its length, being distinctly less than half as broad again as

long, the front margin distinctly though bluntly angulated in the middle, smooth througli-

out, very gently and uniformly arched and overlapping the wings posterioi'ly.



CAEBONIFEROUS COCKROACHES. 405

Tlie fore wings have a well developed angulate humeral lobe, so that the curve of the

prothorax is hardly interrupted in passing to the wing; the costal margin is regularlybut

not strongly convex, much less convex than in either of the other species, so far as it can

be traced. The mediastinal area is triangulai-, broad at base and rapidly narrowing, ter-

minating at the middle of the wing and slightly beyond the anal furrow; the radiating

veins are almost perfectly straight and only the outer ones fork and then but singly and

deeply. The scapular vein is almost rigidly straight, stiffly forking beyond its basal

fourth, the upper branch again dividing in a similar way near its base, and altogether

much resembling a continuation of the mediastinal vein, and covering on the margin

only the proximal half of the outer half of the wing. The externomedian vein is simi-

larly rigid in its ujjper half, but in its lower shows the proximity of the more arcuate

internomedian; it divides close to the base into two branches, the upper of which mimics

the scapular, forks once before the middle of the v/ing and probably again beyond, while

the lower with a downward curve, scarcely perceptible in the part preserved but no

doubt more pronounced beyond, forks a little earlier than the upper branch, each fork

again dividing at about the middle of the wing; this vein evidently holds the tip of the

wing in its grasp. The internomedian vein, feeble in strncturc, is gracefully arcuate,

but otherwise closely resembles the preceding; for it divides in two branches close to the

base, the upper forking just before the middle, the lower sending out two or three arcu-

ate simple or forked veins to the inner margin. The anal furrow is sharp and deep,

considerably curved, terminates considerably before the middle of the wing, the anal area

well domed, with numerous, ])arallel, mostly simple and deeply forked veins, the outer

ones more arcuate than the others and simple.

The hiiul wings are exposed apically but not enough to show much of the structure

of the wing for want of the vein-attachments. It would appear, however, as if the scapu-

lar area were very broad and nearly uniform in the distal half of the wing with relatively

few, oblique, moderately distant, straight branches; that the externomedian was not

greatly difl'erent from what appears on the fore wing; and that the rounded apex was
somewhat pointed. •

Length of entire fi-agmentas misplaced, 43 mm.
;
probable length of creature, 37 mm.

;

length of prothorax, 12.5 mm.; breadth of same, 16.5 mm.; probable length of fore wing,

28 mm.; apparent breadth of same, 1G.5 mm.
One specimen from Mazon Creek, received from Mr. R. D. Lacoe under the number

208Gab.

PaROMYLACRIS (^«>"?'i MoXay.pk)

Paromylacris Scudd., Pi'oc. Acad. Nat. Se. Philad., .1885, 35.

An exceedingly broad, rounded, and well arched cockroach, in which the pronotal

shield is broadly rounded in front and slightly convex behind, broad in proportion to its

length, and the wings not half so long again as their united breadth.

The wings in the only specimens known are imperfectly preserved, but sufficiently to

show that the species cannot fall into any described genus of Mylacridae. The medias-

tinal vein of the upper wing consists of at least seven or eight principal branches origi-

nating near the middle of the base of the wing, several of them forking close to the base
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and one or two dividing simply beyond the middle; all of them are straight or very

slightly curved, the outermost extending far toward the tip of the wing, so as to give

this area an unusual preponderance; it occupies indeed about one-fourth of the wing.

The scapular vein runs subpai-allel to the costal margin in a straight course through the

middle of the wing to its extreme tip, so that this area and the mediastinal together oc-

cupy fully one-half the wing, dividing it between them by a straight and very oblique

line; this vein emits four or more long straight branches parallel to the outer mediastinal

branches, all of them, with the possible exception of an apical, forking once at or beyond

their middle. The externomedian vein begins to fork at about the middle of the wing

with dichotomizing branches which, however, do not separate widely and occupy on the

margin only the lower half of the broad apex; these branches cannot be called either

superior or inferior, as the forks part equally in opposite directions. On the inner margin

the internomedian area occupies less space than the anal, and is filled with a number

of closely approximate parallel veins scarcely curved and directed obliquely in an oppo-

site sense to those of the mediastinal area. The anal furrow is deeply impressed, broadly

curved, and strikes the middle of the inner margin.

The wings are peculiar for their extreme breadth and rounded outline; the costal bor-

der is not greatly curved so that the tip of the wing is unusually blunt; they are broadest

ill the middle, and scarcely twice as long as broad.

Besides the upper wings and the unusually broad pronotal shield, some few unimpor-

tant veins of the hind wings occur, but too insignificant to have any special value.

The genus differs from Mylacris, with which it best agrees, in the form of .the wing,

Avhich does not taper apically but only has the tip rounded off, in the slight obliquity and

gentle curve of the anal fui-row, in which it resemljles Lithomylacris, and very strikingly

in the great extent and apical extension of the mediastinal area; in this latter point it

recalls somewhat the features of ISTecymylacris, but only superficially, as the veins all

originate and diverge from the base of the wing and show no tendency to simulate the

Blattinariae. In its great bi-eadth it is at once distinguishable from Lithomylacris, from

which it further differs in the lesser proportionate breadth of the combined mediastinal

and scapular areas. Its position in the system is indicated in the table of genera given

above.

Two species are known.

Paromylacris rotunda.

PI. 32, figs. 1, 2.

Paromylacris rotundum Scudd., Proc. Acad. Wat. Sc. Philad., 1885, 35.

The front wing is obovate, scarcely narrower at tip than at base, barely twice as long

as broad, the costal border gently and regulai-ly convex, the apex broadly and regularly

rounded; transversely also the wings ai'c arched. The base of the wing is injured, but

the veins apparently originate in the very middle of the base, with little if any upward

curve at starting. The mediastinal area is very large, occupying half of the width of

the wing at base, and extending to the middle of the distal third of the wing apically;

the numerous veins of this area are traceable to about eight basal shoots, which radiate

considerably and not unfrequently fork singly (one is doubly forked), but there is a con-
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sidei'able liumeral space altogether devoid of any trace of veins ; tlie liumeral angle itself

is very prominent, nearly rectangular, the extreme angle rounded. The scapular vein,

in the part where it is preserved, which does not include the basal third, is perfectly

sti'aight, running through the middle of the wing but slightly nearer the costal than the

iuner border and slightly oblique, being a very little lower apically, where it terminates

at the middle of the tip, than at base ; it begins to branch at the end of the basal fourth

of the wing, and emits four or perhaps five straight superior branches, the third before

the middle of the wing and the fourth at some distance beyond, or at the middle of the

outer half of the wing; the third branch consequently not only emits an inferior offshoot,

but the latter is again forked to fill the space between the third and fourth scapular

branches. The externomedian vein is exactly parallel to and equidistant from the scap-

ular, excepting in the terminal fourth of the wing', where it slightly approaches it; it

first divides a little before the middle of the wing, and both these branches, but especially

the lower, dichotomize to some extent, but do not diverge widely, so that the inner limits

of the externomedian area are not further removed from the tip than those of the scapu-

lar. The internomedian vein is obscure, but its branches are scarcely less longitudinal

than those of the mediastinal vein and are as closely crowded as those of the externome-

dian. The anal furrow strikes the middle of the inner margin, but the anal veins are

not preserved.

The species is a large one, the largest of this group ofPalaeoblattariae excepting Necy-

mylacris heros, the length of the wing being 29.5 mm. and its breadth 15 mm., or about

as 2 : 1. .The specimen is composed of a pronotal shield and the two upper wings, be-

sides a cluster of veins of one of the lower wings which, however, are of no importance;

the pronotal shield is nearly perfect, and the wings are related to it in the position of

repose, showing the whole animal to have been 38 mm. long from the front of the pro-

notum to the tip of the fore wings, and 22 mm. in breadth across the middle of the basal

half of the wings. A large part of the anterior base of both wings is obscured by poor

preservation, the outer half or more of the right wing is wanting, and the left wing lacks

all the anal veins and a piece is broken from the apex. The wings may be seen to be

transversely wrinkled between some of the veins, but as a general thing they appear to

be as smooth as the pronotum, and as if of the same opacity.

The body is strongly arched, the central portion of the pronotal shield being elevated

about 4.5 mm. above the margins and regularly rounded in every direction. Fig. 1 shows

a cross section taken slightly behind the middle of the pronotum. The pronotum is

very large and broad, being 20 mm. broad and about 10 mm. long, the front very broadly

rounded, the sides tapering and convex, the hind margin apparently (from the little that

can be seen of it) neai'ly straight but regularly convex; it is rather delicately margined

around its lateral and front borders, as shown in both figures. The surface of the pro-

notum is entii'ely smooth, excepting in a rather narrow, rather small, subtriangular, cen-

tral field, its broken apex at the front margin ; this area is slightly roughened or scabrous

and shows slight signs of a median, longitudinal, veiy blunt carina which does not ap-

pear in the figure.

The specimen was submitted to me by Mr. R. D. Lacoe, in whose collection it beai-s

the number 2026. Both obverse and reverse are preserved. It occui's in an ironstone
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nodule 60 x 45 mm. iu size, found in the carboniferous beds of Mazon Creek, Grundy

Co., Illinois.

Paromylacris ampla sp. nov.

PI. 31, fig. 7.

The single specimen known is oflarge size and tolerably well preserved, showing the pro-

thorax (imperfectly), most of the fore wings, and an unimportant partof the hind wings.

The body is not so strongly vaulted as in the preceding species, but is considerably more

arched than most modern cockroaches. The prothorax is not Avholly exposed, being part-

ly still imbedded in the rock (upon the right side of the figure), but it is apparently not

quite twice as broad as long and so diflers conspicuously from the other species ; a triangu-

lar space in the posterior middle of the disk is flattened and more or less rugose, while

the rest is smooth ; there is no sign of margination. In the wings, however, the vaulted

area tei-minates just before the costal edge, leaving a slight horizontal marginal shelf free

of arcuation.

The fore wings are a little more than twice as long as broad, the costal area well but

not strongly arcuate with a decided humeral angle. The mediastinal area is large, occu-

pying just about one-fourth of the wing, triangular, broad at base, tapering to the tip

which is well beyond the middle of the wing; the proximal veins of this area are single,

the middle ones deeply and widely forked and the distal third or more is occupied by a

compoundly forked vein, all of these radiating with a faint arcuation. The scapular vein

is sharply curved at base and beyond runs nearly straight through the middle of the wing

and must terminate at or even below the tip; its branches, four or five in number, ai-e

either singly forked somewhat beyond their middle or are simple and all are subparallel

to the innermost course of the mediastinal vein. The externomedian and internomedian

veins have little space wherein to develop and each is simple and single in its basal half

and nearly straight except for the necessary basal curve; probably in their outer half they

occupy about equal space. The anal furrow is very deep and sharp, and the anal area

strongly vaulted, especially in the neighborhood of the former, which is very strongly

rounded, nearly bent at base and beyond this at first straight, then gently arcuate, termi-

nating apparently well beyond the middle of the wing; the anal veins, overlooked by the

artist, are vei-y numerous, parallel, arcuate, simple, nearly tAvice as close as the veins of

the wing generally.

Parts of the hind wing are also seen beyond the broken fore wings, but show only a

multitiide of nearly parallel and straight, simple or forked veins.

This species differs from the preceding in its more oval contour, tapering much more

at both ends, the less vaulted form, the longer and narrower thorax, and the simpler and

weaker construction of the externo- and internomedian veins.

Length of fragment, the hind wing a little thrust beyond its natural position, 45 mm.;

probable length, 42 mm. ; length of prothorax, 12 mm. ; breadth of same, at least 21 mm.

;

length of fore wing, 31 mm. ; breadth of same, 14 mm.

One specimen, Mazon Creek, 111. Eeceived from Mr. R. D. Lacoc under the number

2088ab.
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Lithomylacris pauperata sp. iiov.

PI. 32, Dg. 5.

The single specimen represents a fragment of a front wing unfortunately very imper-

fect, but still sufficiently preserved to show that it is a Lithomylacris, allied to Td.'penn-

sylvanica, but much larger than it, and certainly distinct from any known species. Not
one of the borders is preserved, although in several places the veins are evidently perfect

to their tips.

Only oue or two of the mediastinal veins can be seen, the outer one long and straight

and minutely forked at the tip, with no other oifshoots, unless it be at the base, showing

the insect to belong to the Mylacridae ; within this the foi'ked extremity of another parallel

vein can be seen. The scapiilar vein is perfectly straight as far as what is probably the

centre of the mng, and in this basal portion runs down the middle of the wing, thus prov-

ing its proper reference to this genus ; beyond this it curves very gently and slightly up-

ward; in the fragment it emits four branches, the basal two close together, the others far

apart, and the last at the very tip of the piece; the first is simple, the second and third

simply forked at no great distance from their origin, and all run in a longitudinally ob-

lique direction, subparallel to the mediastinal vein. The extcrnomedian vein is exactly

parallel to the scapular and hardly more distant from it than two adjoining scapular

branches from each other; it divides far toward the base, apparently opposite the middle

of the anal furrow and just beyond the second branch of the scapular vein, each of its

branches again forking opposite the extremity of the anal furrow, and the uppermost

branchlet again befoi'e the end of the fragment is reached. The internomedian vein is en-

tirely composed of very faintly impressed lines, emits two parallel arcuate branches close

together a little nearer the base than the first two branches of the scapular, the first sim-

ple, the other forked simply in the middle of its course ; and farther apart and from these,

two other simple branches, the first opposite the fork of the preceding branch; all of these

branches on approaching the border sweep in a more longitudinal course toward it. The
anal fiirrow is not deeply impressed, a little roundly bent beyond the middle, otherwise

nearly straight; the anal veins are not preserved, but the furrow appears to strike the

inner margin slightly before the middle of the wing. There is no sign of any transverse

venation or reticulation.

The breadth of the wing is 12.5 mm.; the length of the fragment 17 mm.; and the pre-

sumed length of the wing about 26 mm.; making the breadth to the length as 1 : 2.1. It

could hardly have been much longer than that, and woidd need be very much longer to

have had the same proportions as L. pennsylvanica to which it is the more nearly allied;

the disposition of its nervures is very similar to what we find there, and even if the propor-

tions given are (as they possibly may be) very much out of the way, it is a much larger

species than it, being half as broad again. It differs also slightly in neuration, as in the

forking of some of the scapular veins, and particularly in the much earlier branching and

greater significance of the extcrnomedian vein, which is exceedingly unimportant in L.

jjennsylvanica; the entire disposition of the internomedian veins is also different and they

play in this species a much less prominent part than in L. pennsylvanica. From the

other species it is as widely separated as is its ally.

MEMOIRS BOSTON SOC. NAT. HIST., VOL. IV. 55
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The sjjecimen was obtained by Mr. R. D. Lacoe, and bears the number 2041 in his

collection. It was found at the Port Griffith railway cut near Pittston, Pa., over the E
vein and probably over the F vein.

BLATTIN'ARIAE Scudder.

The species to add to this group of cai'boniferous cockroaches are really more numer-

ous than those from the Mylacridae; but only a few of them are here selected, as the

larger part are still unstudied, and there are no new generic types to be found among
them, though one, the last described below, belongs to a generic type not before recognized

in American rocks.

Etoblattina occidentalis sp. nov.

PI. 32, fig. 4.

Fore wing long and slender, its greatest width before the middle; the costal margin

is rather strongly convex on the basal quarter of the wing, and scarcely at all convex in

the middle; the inner margin is gently convex but nearly straight in the middle and the

apex is tapering and well rounded. The veins originate at about the middle of the some-

what constricted base, and all curve considerably upvvai'd in separating, excepting the

anal furrow. The mediastinal vein runs closely parallel to the costal margin, nearly to

the middle of the wing, and then curves toward it, terminating only a little before the

end of the middle third; it emits a considerable number of equidistant, obliquely curving,

simple branches, of Avhich there are about seven in the distal half of the field. The scap-

ular vein runs still more nearly parallel to the costal margin as far as the middle of the

wing, and then sweeps very gradually toward it, reaching it only a very little before the

tip of the wing; beginning to branch about opposite the end of the anal farrow, it emits

about half a dozen subequidistant, simple or simply forked, nearly straight but slightly

sinuous branches, which are more longitudinal than those of the preceding area; in the

middle of the wing this area and the preceding occupy scarcely two-fifths its width.

The externomediau vein divides close by the divarication of the scapular; previous to

forking, it is regularly and considerably arcuate; it is now straight at first, but after-

wards appears to take on a sinuous course, obscured in the only specimen; it emits three

or four principal longitudinal branches which dichotomize somewhat, especially in the

apical third of the wing, the nervules curving downward more or less as they approach

the margin. The internomedian vein follows closely the course of the externomedian and

apparently terminates a little further out than the mediastinal; it emits in the basal half

of its course five or six more or less curving, generally simple veins, and doubtless an

equal number beyond, but this part is obscured in our fossil. The anal furrow is re-

markably pronounced, strongly and regularly arcuate, terminating scai'cely beyond the

end of the basal third of the wing, and followed in the anal area by seven or eight equi-

distant, similarly arcuate, simple veins.

The wing is of good size, being 32 mm. long, and 12 mm. broad, or the breadth to the

length as 1 : 2.7.
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A portion of one of the hind wings also shows between the partially opened fore

wings, and some few veins of a hind wing appear mixed with those of the right fore

wing. Little can be determined from these fragments, for to judge from the first, the

hind wing must have been of the same length and very much indeed of the same form
as the fore wing, with a similar distribution of veins; while to judge from the latter, in

the position it holds, the neuration must have been very much more developed iu certain

areas.

This insect is more nearly allied to E. lesquereuxi than to any other species, but dif-

fers from it in many featui-es, such as the equahty of the mediastinal area, its more fre-

quent veins, the greater regularity of the scapular branches, and especially the earlier

divarication of the externomedian vein, Avith its consequently larger area, as well as the

general disposition of its branches. It is also allied, but not so closely, to B. mazona,
a smaller species, differing from it in a shorter and more uniform mediastinal area, a dif-

ferent distribution of the veins of the scapular vein, an earlier divarication of the exter-

nomedian vein, and, apparently, a mnch shorter internomedian area.

The specimen is preserved with some of its natural brownish coloring on a light clay-

colored stone, and the better half shows a deep impression of the anal area which must
have been well vaulted; the other half, showing the upper surface, is not so well pre-

served. It comes from the old Fair ground at Lawrence, Kansas, and was sent me for

examination by Mr. R. D. Lacoe, in whose collection it bears the number 20J:5ab.

Archimylacris paucinervis sp. nov.

PI. 31, flg. 5.

The fore wing is long and rather slender, nearly equal, the costal marg*n, however,

somewhat and rather regularly convex (too convex upon the plate), the inner margin
straight throughout the greater part of its course, the tip somewhat tapering, a little pro-

duced and rounded; the broadest imvt of the wing is near the middle or a little before it.

The mediastinal vein runs in a nearly straight course, very nearly to the end of the sec-

ond third of the wing, and emits a considerable number (fi'om eight to ten) of mostly

forked or doubly forked branches; they differ a little in the two wings, that of the right

wing having a fewer number of branches, and they are also more regularly bi-anched;

the greatest width of the area is considerably less than one quarter that of the whole
wing. The scapular vein runs in a nearly sti-aight line toward the outer margin which
it nearly reaches a little befoi'e the tip, and then curves a little downward to terminate

on this margin a very little before the tip; with its branches it occupies a narrow wed<>-e-

shaped area which at the tip of the wing is scarcely more than half its breadth; it emits

at the end of the first third of the wing a single branch at a slight angle, which bears all

the other branches, excepting a few, mostly simple, short branches which separate from

the main stem near its tip upon the upper side, filling the space left unoccujned by short

branches beyond the tip of the mediastinal vein; this pi-incipal branch reaches the apical

margin a little below the apex of the wing and acts differently in the two wings : on the

left side it emits two su[)erior branches near together near the end of the second third of

the wing, the first simple, the second forked near the tip; on the right wing it forks a



412 SAMUEL H. SCUDDER ON

little before the end of the middle thii-d, a very little sooner than on the opposite "wing,

and each of these branches is again forked, the upper the nearer to the outer margin,

and at the same distance from it as the apical fork of the opposite wing. The externo-

median vein also differs in a single point very markedly in the two wings; it occnpies

more space by its earlier division in the left wing, but in neither does it dilFer miich from

the preceding in the extent and form of the area which it covers: in the left wing it di-

vides at the end of the basal third of the wing, just beyond the initial forking of the

scapular vein; in the right it does not fork until it has reached the middle of the wing;

notwithstanding this difference the rest of the area has the same aspect ; the lower branch

forks a little beyond the middle of the wing, and the upper at about the end of the mid-

dle third, the nervules being entirely simple, and this brings the secondary forking of

this vein close to its primary forking in the right wing, although far from it in the left. In

addition to these peculiarities, this vein possesses another in the presence of a short cross

vein running oljliqnely like an ordinary branch from before the end of the basal fourth

of the wing to the internomedian vein, which it strikes at or barely beyond the origin of

the second branch of the same. The internomedian vein with its outermost branch strikes

the inner margin near the middle of the outer half of the wing, thus occupying on the

border considerably more space than either of the preceding two veins; it is considerably

arcuate and emits from its lower border three principal veins, the iirst two simple, the

outermost forked, and differing in the two wings ; the first vein is sent forth opposite the

base of the cross shoot of the preceding vein, the next a little beyond it or a little before

the end of the middle third of the wing, while the third originates at a greater distance

off", in the middle of the wing opposite the fork of the lower branch of externomedian

vein: on the left wing, the inner fork is simple, the outer forked again in the middle

of its course, or it might be said that the main stem had four principal and all simple

branches; in the right wing, both forks subdivide, the inner halfway, the outer at much
less than halfway, to the margin. The anal furrow is very arcuate near the base and at

this part deeply impressed, beyond nearly straight and hardly impressed, running vei-y ob-

liquely and terminating on the inner margin not very far before the middle of the wing;

the anal veins count about eight at the margin; they are much simpler on the right than

on the left wing, having in the latter three wliich fork and one of these an interjiolated

one which connects with those on either side by an oblique cross vein; while most of

those on the right wing are simple, one forking close to the base, another near the

middle; they are all considerably arcuate. The differences therefore between the two

wings are considerable in the minuter details, though imjiortant only in the first branch-

ing of the externomedian vein, which strangely does not affect the subsequent offshoots

of the same.

The hind wing of each side is also present to a considerable extent. More perhaps

can be said of its form than in almost any other paleozoic cockroach hitherto described.

The wing, except in lacking altogether any convexity in its straight costal margin until

the narrowing of the wing begins toward the apex, closely resembles in form the fore

wing; it is of just about the same length and breadth also, a point which appears to dis-

tinguish the ancient from the modera tyi)cs; so far as we know, the hind Avings of the

former gi'adually taper apically to a well and very regularly rounded apex. It should be
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particularly noticed that its form as well as the character of its main venation bears a

striking resemblance to the wings of Dictyoneura and its allies. The only well marked

difference is, perhaps, in the costal area where its alliance to the fore wing of the Pal-

aeoblattariae appears. Owing to the obliteration of the attachments of the main veins,

very great uncertainty must remain as to the normal veins to Avhich any of the longitud-

inal nervures belong; the mediastinal vein, however, is clearly marked; it runs in very

close proximity to the margin, not farther from it than the other nervures are separated

from each other; it terminates just about as far from the tip of the wing as in the front

wing and emits a large number of necessarily short but very oblique and generally forked

branches. Following it are at least five principal nervures, all of which seem to belong to

preanal areas, but any two or more of which may belong to the same principal vein, so

far as anything can be stated from this specimen. The first, counting from the medias-

tinal vein, is forked at a point exactly similar to the basal forking of the scapular vein of

the fore wing and in a similar way, and hence may be presumed to be that vein ; this

basal forking of the presumed scapular vein can only be seen in the left Aving, where the

upper branch is simple; the lower branch, however, is seen distinctly in both wings to

fork exactly opposite the second forking of the lower scapidar branch of the upper wing

;

the forks, however, act differently in the two hind wings: on the left side they both

fork, the upper halfway, the lower three-quarters way to the margin ; on the right side,

the lower is simple, while the upper forks before the middle and its lower branch forks

again halfway on its course; the number of nervules reaching the margin is thus the

same and they cover the same narrow space, the lowermost striking the tip. Judging

from the analogy of the upper wing, the next two nervures, which are exactly alike in

the two hind wings, belong to the externomedian vein, in which case they repeat almost

exactly the characteristics of the same vein in the upper wing of the left (but not of the

right) side, forking first (to judge from the gradual approximation of the two nervures

baseward) at or a little before the end of the middle third of the wing, the lower fork

again branching at some distance beyond the middle of the wing, and the upper halfway

between this and the tip. Below these are, first a forked nervttre and then a simple one,

both of which probably belong to the internomedian vein, but do not resemble the same

part in the upper wing; the forked vein forks as far from the margin as (but of course

further from the tip than) the upper externomedian branch : in the left wing it is simply

branched; in the right it sends a similar oflTshoot from both sides of the stem, *. e., it

divides into three at the same point; all these nervures are very long and straight with

a slight downward sweep as they approach the margin, especially in the upper part of

the wing; they are about as distant fi'om each other as in the upper wing but, particularly,

the lower ones are less oblique ; on the left wing there is also another fragment of a simple

vein, as far below the lowest mentioned as the latter is from its predecessor and trend-

ing slightly toward it baseward; it probably also belongs to the internomedian vein.

Besides the wings, a part of the i;)ronotal shield is present, and the limits of the abdo-

men are partly marked by a depression. The former is nearly semicircular, somewhat

broader than long, very regularly rounded in front, the sides very slightly divei-gent be-

hind the middle; the posterior edge appears to be scarcely convex; a little to the outside

of the middle of either lateral half is a slight rounded furrow or depression, less curved
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than the mai-g-in and passing fahitly aronnd the front close to the margin; a snbcircular

flat depression nearly a third as broad as the shield rests upon its posterior margin; the

edge of the shield is very delicately marginate.

The abdomen is remarkably slender like that o^ Etoblattinaf insignis, as mentioned in

my memoir on Palaeozoic cockroaches, being scarcely more than a third as broad as this

pronotal shield, and extending beyond the middle of the outer half of the closed wings;

a few incisures marking segments can be seen, but the whole contour is exceedingly vagne.

The insect is of pretty large size, much larger indeed than the other species of the genus,

the fore wings measuring 30.5 mm. long and 10 mm. broad, the proportion of the breadth

to the length being as 1 : 3, making it also slenderer than the other species. The length of

the whole body from front of pi'onotal shield to tip of abdomen is 29 mm., the pronotnm

itself being 6 mm. long and 7.75 mm. broad and the abdomen about 3 mm. broad. The

specimen is unusually perfect, both fore wings being neai'ly complete, as well as the apical

half of both hind wings, and most of the pronotal shield; the latter is in its natural posi-

tion in relation to the partly expanded wings, but the direct connection with it is broken;

the abdomen is only traced by a depression in one stone and a rough ridge in the reverse.

The front wings are covered throughout with a delicate but readily traceable reticulation,

consisting of very irregular polygonal cells in all the areas but the mediastinal, interno-

median, and anal, where the nervules are united by frerjuent uncertain or wavy cross veins

into subquadrate cells, usually square in the mediastinal area and broader than long in the

others; in the latter, too, and especially in the internomedian area, they tend next the

margin of the wing to change to the irregular polygonal reticulation.

This species differs decidedly from either of the species of this genus hitherto known.

It is larger and has a much slenderer wing than either. The scapular area is of consid-

erably less extent, the vein far less branched, and the made in which its branches are dis-

tributed very diflterent; its internomedian area is also much more restricted than in the

others.

The specimen occurs in an ironstone nodule found at Morris, Grundy Co., Illinois, and

was discovered by Mr. J. C. Cai-r of that place, through whose kindness I have been able

to examine it. It is now in Mr. R. D. Lacoe's collection Avith the number 2011.

It may be added that this sijecimen is of particular interest as having the wings more

completely preserved than in any other paleozoic cockroach yet known, and offers even

a better example than Anthracohlattina sojnta^ for comparison of the neuration of opposite

wings; it leads us to hope that future discoveries may enable us by correlating these dif-

ferences to determine the distinction between individual and specific characters among an-

cient cockroaches,—a question we are hardly yet in a position to discuss.

Oryctoblattina occidua.

PI. 32, fig. 3.

Oryctoblattina occidua Scudd., Proc. Acad. ISTat. Sc. Philad., 1885, 37.

The single specimen known lies in the half of a nodule, and shows the larger part of

'Cr". Scudder, Palaeozoic Cockroaches, Mem. Bost. Soc. v. Weissig, Nova, acta Leop-Carol. Akad., xli, 423 (1880).

Nat. Uist., ui, 89 (1879). Geiuitz, 151attiueu uuter. Dyas
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the two front wings, slightly pai'ted and vague indications of the thorax and possibly of

the legs. The prothorax is quadrate, pinched transversely in the middle to a definite

ridge, which is probably accidental. The legs, if the elevations near their position may
be taken to indicate their appearance, must have been very short and tolerably slender.

The front Avings are rather slender, the tip well rounded and slightly jiroduced, the

costal margin slightly shouldered at the base, beyond nearly straight in the basal half,

apparently sloping downward beyond, the inner margin ajDparently broadly rounded but

the basal half not clearly indicated in the specimen. The veins appear to originate from,

the middle of the u];)per half of the base of the wing, and have scarcely the least basal ar-

cuation. The mediastinal vein runs at but slight distance from and nearly parallel to the

costal border, in the outer half or more constantly but very gradually approaching it, emit-

ting numerous oblique generally simple branches ; the vein terminates in the middle of the

outer half of the wing, and shows no such peculiarities at its tip as characterize the Eu-
ropean si^ecies. The scapular vein also is not so peculiar as in O. reticulata; it runs in

near proximity and parallel to the mediastinal vein, but there is the same slight bend in

its course at the base of the principal branch; the mass of the branches, which are much
fewer than in O. reticulata, do not arise as there from a vein emitted abruptly from near

the base of the second branch, to which they are inferior, but from the principal branch
itself, to which they are superior. Less can be said about the other veins, as they are ob-

scured throughout most of their course, but the internomedian vein tei-minates at about
the end of the middle third of the wing and has only few branches; and the externome-
dian branches all terminate on the inner margin.

The wing is 19 mm. long, and 7 mm. broad, the breadth to the length being as 1 : 2.7,

It is reticulated minutely, as in the European species, and is interesting as being the second
species of the genus known, and as illustrating once more the close relationship of the

insect fauna of Eiu'ope and America in carboniferous times. It is a smaller and slenderer

species than the European.

It comes from the beds of Mazon Creek, Illinois, and was sent to me by Mr. R. D. Lacoe,

in whose collection it bears the number 2039.

EXPLANATION OF PLATES.

Plate 31.

Figs. 1-4 by Mrs. Katherine Peirson Ramsay ; fig. 5 Ijy J. S. Kingsley ; figs. G-7 by J. II. Emerton.
Fig. 1. Promylacris ovalis, f cast.

" 2. Promylacris ovalis, ; side view.
" 3. Fromylacris ovalis, f cross section of prothorax in middle.
" 4. Fromylacris ovalis, -} relief.

" 5. Archimylacris paucinervis. \
" G. Fromylacris rigida. }
" 7. Faromylacris ampla. f

Plate 32.

Figs. 1-2 by J. S. Kingsley ; figs. 3-4 by Mrs. Katherine Peirson Ramsay ; fig. 5 by S. H. Scudder ; fig. G by J. Henry Blake.
Fig. 1. Faromylacris rotunda ; t cross section of thorax in middle.
" 2. Faromylacris rotunda, f
" 3. Oryctohlattina occidua. ^
" 4. Etohlattina occidentalis. f
" 5. Liihomylacris pavperata. f
" C. Promylacris testudo. ^





X. New Carboniferous Mtriapoda from Illhstois.

By Saiviuel H. Scudder.

Read May 7, 18'J0.

J_ HE publication of my paper on Archipolypoda, eight years ago, in which a consider-

able number of new types of American carl)ouiferous Myriapoda were described, has so

stimulated search in this country that, thanks to the kindness of many friends and par-

ticularly of the indefatigable Mr. R. D. Lacoe, there has since passed under my eyes a

much greater number of specimens than I had then seen, and as they contain not a few
additional and some remarkable forms, as well as throw more light upon the old, it has

seemed well to bring them together in a systematic way, and to present some tables by
which they may be distinguished, when sufficiently perfect. Accordingly there are here

published such as have been found at Mazon Creek and vicinity leaving for a future pa-

per several new forms which have been found in the sigillarian stinnps of ISTova Scotia.

The sources from which the specimens were received are in all cases indicated, and the

paper concludes with a summaiy list of known American species of palaeozoic Myi-ia-

poda.

TABLE OF THE ORDERS OF PALEOZOIC MYRIAPODA.
Each of the principal body segments composed of a single dorsal and single ventral plate, each of the latter with a pair of

legs. Body usually unarmed.

Head apparently formed of a single segment. Dorsal plates of body supporting clusters of needle-like spines on
serially ranged tnbercles. Legs stout and fleshy Protosyngnatha.

Head apparently formed of two or more segments. Dorsal plates of body sometimes furnished with lateral expan-
sions but otherwise unarmed. Legs slender and horny Chilopoda.

Each of the principal Ijody segments composed of a single, but more or less distinctly divided dorsal plate and a |iair of

ventral plates, each of the latter with a pair of legs. Body generally armed with spines or tuljcrcles serially ar-

ranged Archipolypoda.

Only the Chilopoda and Archipolypoda will be considered in the present paper, as I

have nothing to add concerning Palaeocampa, the sole representative of the Protosyn-

gnatha.

Order CHILOPODA Latreille.

It has not been supposed that this group of myriapods reached further back than the

Jura 01" even than the tertiaries, for its only claim to recognition in the secondary rocks

MEMOIua BOSTON 800. NAT. UlST., VOL. IV. 56 ('tl')
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is Miinster's GeopJiilus proavus, which is very probably not even a myriapod. The near-

est proof of the appearance of the order in paleozoic deposits is in the possible judgment

of some that Palaeocampa (which bears somewhat the same relation to Chilopoda that

Euphobena does to Diplopoda) should be taken as one of them. No one has made such

a claim, and should one do so he would have to recognize in Palaeocampa a highly organ-

ized and very aberrant type. But not only do specimens received in recent years from

Mr. R. D. Lacoe and Mr. W. F. E. Gurley, but especially from the former, show that

Eileticus was nearly allied to the Scolopendridae, and either belonged to the Chilopoda,

or was an archaic type to be looked upon as its forerunner; but a single specimen from

Mr. Lacoe has also revealed still a second type of chilopodiform character, an ancient

type of Scutigeridae. These discoveries carry the chilopodiform line much further back

than it was believed it existed, and so for as the record goes renders nugatoi-y much of

Dr. Packard's reasoning concerning the greater antiquity of the Diplopoda (Proc. Amer.

Phil. Soc. sxi, 206-207), though the occurrence of the diplopodan line in the Scottish

devonian should not be overlooked.

The indications of the presence of heavy armature in some of these chilopodiform car-

boniferous myriapods, together with the character of the segments, and the features by

which they show kinship to their contemporaries rather than their descendants, lead me
to believe that when more is known about them, they may prove to form an archaic type

distinguishable as a whole from the later chilopods, as the Archipolypoda from the di-

plopods; but the incompleteness of our knowledge of their structure leads me to wait for

further light and meanwhile to place them in distinct famiUes separable from their evi-

dent successors by trenchant characters.

Gerascutigeeidae fam. nov.

Body relatively short. Head no broader than the body. Dorsal scutes of the same

number as the segments and corresponding to them, much broader than long, with no

evidence whatever of mediodorsal stomata. Coxae extending beyond the sides of the

body, followed by femora of excessive length.

Latzelia gen. nov.

Of the general aspect of Scutigera but differing essentially at every point. The head

is vaguely preserved, and none of its appendages can be seen. The body is broadest

in the middle, and tapers gradually and about equally in each direction, giving it a rounded

fusiform appearance, and the head does not interfere in the least with this outline, so that

it is scarcely half as wide as the middle of the body. The segments, to which the dorsal

scutes exactly correspond (so different fi-om Scutigera), are subequal in length, and ap-

parently nineteen in number, certainly not more than one or two segments away from

that; in the middle of the body where widest they are about four times broader than long;

both front and hind margins are entire, showing no trace of a recess to favor the jjres-

ence of stomata. The legs are nowhere completely preserved, but are apparently unequal

in length and slender, as in Scutigera, and at shortest more than half as long as the body,

apparently very much as in Scutigera; but their composition is very different; the coxae
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are even more prominent than in Scutigera and notwithstanding the more i-obust body
jiroject much further beyond the sides; but in addition the femora are of excessive length

and slenderness, slenderer than the coxae and half as long again as the width of the very

broad body, and taper from base to apex; to judge by appearances these two members
constituted the larger, instead of as in Scutigera the smaller, part of the leg, but this can-

not be asserted; x^i-obably however the tibiae and the (multiarticulate?) tarsi together were

no longer than the femora.

The genus is named in honor of Dr. Robert Latzel of Vienna who has so much ad-

vanced our knowledge of the Myriapoda.

Latzelia primordialis sp. nov.

PI. 38, fig. 3.

The single specimen is found in a small nodule which at the two extremities cuts off

the appendages, but offers no hindrance to the full expanse of the members laterally,

though their full length cannot yet be seen. The main features have been described

above under the family and genus, both of which have their source in this single speci-

men. No part of the antennae is preserved. The body segments, however, show a

peculiar structure; not only are the front and hind margins entire and transverse, per-

mitting no opening to the position of the mediodorsal stomata found in Scutigera, but

most of the segments (all where not obscure) show a distinct, marked and shai'p medio-

dorsal carina extending the whole length of each segment, but somewhat obscure poste-

riorly over just about so much of the dorsal shield as in Scutigera is emarginate for the

stomatal opening; and on either side of this carina, all the segments, but especially the

median ones, show a pair of diverging sulci, twice as distant posteriorly as anteriorly,

crossing the entire segment, and posteriorly as far apart as the length of the segment;

sometimes also showing faint traces of continuing upon the segment next posterior. The
body itself is slightly arched transversely.

The legs are similarly constructed, but the median ones are evidently stouter than

those at the extremities, to a slight degree. Both coxae and femora show the median

half transversely arched, while the sides show notliing of the sort, or sometimes interior-

ly, next the transverse arching, a broad longitudinal sulcus, all giving the appearance

of a depressed leg with a median rounded longitudinal ridge, veiy common in the Archi-

polypoda.

Length of body, 22.5 mm. ; breadth in middle, 4.5 mm. ; length of coxae in middle of

body, 2.3 mm.; of femora in same, 6.5 mm.; breadth of same coxae, 0.9 mm.; breadth of

same femora at base, 0.7 mm. ; at tip, 0.5 mm.
Mazon Creek. Mr. R. D. Lacoe, No. 1837ab.

EOSCOLOPENDEIDAE fam. nov.

Head evidently formed of two principal segments, but these much more closely fused,

separated only by sulcations or blind sutures. Body segments numerous and similar,

each bearing a single pair of legs and havuig a single dorsal and ventral plate, the former
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sometimes furnished Avith tubercles. Much remains to be learned of the structure of all

the animals here brought together.

EiLETicus Scudder.

As already remarked, the discovery of better remains proves that this genus finds its

place better here than in the Archipolypoda. The imperfection of the only specimen

known when this genus was founded led to several errors of interpretation which may
now be corrected. The head was not composed, properly speaking, of a single apparent

segment, but of two, a lai'ger anterior and smallei* posterior segment, each with its inde-

pendent vaulting, the hinder with a pair of foot jaws arising from its posterior portion;

but the two segments are not separated as in modern chilopods by a distinct suture, but

only by a broad and shallow transverse sulcus from the meeting of the two arches.

Nor do any of the segments bear, as was judged from the appearance of the non-attached

anterior members of the original specimen, moi-e than a single pair of legs, but very little

can be said about them. The form of the segments and their tuberculation would appear

to be subject to some variation. 'No complete specimens have been found, nor any in

which more than thirteen or fourteen segments behind the head are preserved.

Eileticus anthracinus.

PI. 38, fig. 5.

Eileticus antJiracinus Scudd., Mem. Bost. Soc. Nat. Hist., in, 179 (1882).

Another specimen of this species, far more pei'fect than the first and with its reverse,

has been found at Mazon Creek, and sent me by Mr. Lacoe, in whose collection it bears

the number 1835ab. It exhibits the dorsal surface of the anterior extremity, very likely

about half the body, but fragmentary and without appendages, of an animal of about the

same size as the original. It shows about thirteen segments besides the head. The lat-

ter, broken in front, shows a flattened globulai- mass of smooth texture, with a faint trans-

verse median impression separating independently though'faintly arched anterior and poste-

rior portions; a longitiidinal median impression of similar depth crosses both but is not

accompanied by an indejiendent arching of the head in the other sense; from the middle

of the posterior margin of either lateral half of the hinder section of the head arises a de-

cided, cornuoixs, tapering, forwai'd and downward reaching, independent arched member,

plainly representing the foot-jaws.

The segments of the body are sub-equal in length, but enlarge in breadth in passing

from the first behind the head where it is slightly narrower than the head to about the

sixth segment, beyond which they are about equal; each, when perfectly preserved, shows

a transverse, marginal, strong and abrupt, rounded sulcation at its anterior edge, the mar-

gins of wliich are prominent, and the hinder at a much higher level than the anterior or

proper margin of the segment. The surface of the segment is smooth and uniform, ex-

cept that at the extreme lateral margins, as in the oi'iginal specimen, are seen more or

less distinctly small tubercular bosses serially arranged. The best preserved segments

appear to be a little more than twice as wide as long.
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Length of fragment if extended, 48 mm.; breadth of head, 6.4 mm.; greatest breadth

of body, 8 mm.

Eileticus aequalis sp. iiov.

PI. 38, figs. 6-9.

A second species seems to be indicated by a couple of specimens from the same local-

ity sent me by Mr. Lacoe nnder the numbers 1836ab and 1836cd, both shown in obverse

and reverse. The better of these (figs. 6-8) is a remarkably well-preserved but very

fragmentary specimen, showing the dorsal view of the front part of the body consisting

of the head and eleven segments. The head closely resembles that of the sjDecimen of

the last species just described, but has more accentuated sulcations both longitudinal and
ti-ansverse, and the foot-jaws are more pronounced even than there; as there, also, the

front of the head is broken, but on the reverse, what appear to be the first two joints of

an enormous antenna project laterally, in which case the antennae are broader at the base

than the very base of the foot-jaws.

The segments of the body have a smooth texture, and the same transverse stepped

sulcation that occurs in the preceding, but with less jirominent edges; still it differs from

it markedly in that the segments are almost absolutely uniform in size; they have a late-

ral depressed and horizontal flange with a rounded edge, while the main body is strong-

ly arched, and the lateral flange bears such slight tuberculations as can be seen; without

this flange the body is slightly narrower than the head; with it a little wider; the seg-

ments without the flange are a little more than three times as broad as long.

Length of fragment, 26.5 mm.; of one of the piincipal segments, 2.3 mm.; breadth

without flange, 7.25 mm.; with it, 10 mm.; breadth of head, 7.75 mm.
The other specimen (fig. 9) is similarly preserved but more imperfect, one whole side

being broken, and the head far less complete. There is little to be said about it, but its

transverse arching shows that it was nearly cylindrical; and the posterior as well, but

not to the same extent, as the anterior margin of the segments has a stej^ped transverse

sulcation. The head is far less perfect, but as far as it goes shows precisely the same
featiu'es; the body segments are thirteen in number, and show by their apparent inequal-

ity in length that there was greater or less power of extension by elastic intersegmental

membranes. No one of the segments is perfect, so that the proportions cannot be stated,

and only one side is approximately perfect, and that does not preserve the lateral flanges;

but enough remains to show that the specimen by its equality of breadth belongs to this

rather than to the preceding species.

Length, 50 mm. ; breadth of head, 7 mm.

Palenarthrus gen. nov. (-«'-!«!, i^apOp<:z)

A genus evidently very diflerent from anything before known from the carboniferous

rocks, but unfortiinately known only by a single specimen, which from its incompleteness

leaves much to be desired. That it was a scolopendriform chilopod or archaic type of

chilopod is evident from the flattened rectangular plates of which the dorsal surface of
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the body is composed, each accompanied by a single pair of legs. What is peculiar about

it, is not only its tapering foi-m anteriorly but its great attenuation at this extremity, in-

dicating apparently a remarkably small head followed by a slender neck of at least two
elongated segments, which do not appear to be pedigerous ; these neck-segments are

fully twice as long as bi-oad, and not only do the segments behind them taper as they

approach them, but the anterior of these two is the smaller and narrower and not a fourth

nor probably a sixth as broad as the broadest segments of the body. The legs are poor-

ly preserved, about as long as the breadth of the body (relatively longer in front) and
apparently have very prominent coxae, as in other carboniferous myriapods.

Palenartlirus impressus sp. nov.

PI. 38, fig. 4.

The single specimen probably represents nearly the whole animal, though neither end

is shown; it is hai-dly probable that anything more than the head is wanting at the an-

terior extremity, but posteriorly an indefinite number of segments. There are twenty-

three segments in all. The first two behind the head are slender and twice as long as

broad, the third subqnadi-ate, the four or five succeeding broader than long, of subequal

length, but increasing breadth in passing backward; thereafter they appear to be of the

same size, about twice as broad as long and rectangular, the front outer angle sometimes

a little produced. The first two elongated segments show a slight median carina ; the

fourth and succeeding ones on either side a laterodorsal series of large circular depres-

sions next the anterior edge.

Length of fragment, -iO mm. ; breadth of first body segment, 1 mm. ; of seventh, 5 mm.

;

length of legs, 3 mm.
Mazon Creek. Mr. K. D. Laeoe, ISTo. 1821ab.

Iltodes gen. nov. (i^omSTjc;)

I venture to propose this name for some obscure forms in the hope of stimulating

further search for more perfect specimens to elucidate their structure. One of them is

plainly chilopodiform, though veiy different from anything we know; there is certainly

but a single pair of legs to each segment, though the line of separation of the segments is

obscured by the curious transverse sculptiire of the dorsal plates; but we ai'e aided in

our determination by the presence of serial tubercles. These latter, or their reverses, also

occur on the taenioid body of a second form which has no legs preserved, and which is

provided with such a multitude of short transverse segments that it would seem impos-

sible that it could have possessed more than a single pair of legs to each; it reminds us

somewhat of Geophilus. The only points these have in common are that they are com-

posed of a large number of similar transverse segments each bearing a single pair of

legs and furnished Avith serial rows of tubercles.

Ilyodes divisa sp. nov.

ri. 38, lig. 1.

The single specimen referred here is a straight fragment composed of fourteen simi-
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lar segments shown apparently upon a side view, the lower edge of the segments irreg-

ularly broken so that their exact proportions can hardly be told, though some of the

legs are partly joreserved; there is no indication, however, that the segments varied in

size, and all were probably about half as broad again as long. They show two features:

first, each segment is composed of a series of equal and similar slight transverse ridges,

about eight in number; these ridges are more or less tremulous or sinuous, and slightly

uneven, presenting faintly a beaded appearance; second, there is a lateral series, one to

a segment, of rather large tubercular bosses, irregularly rounded, upon the very front

margin of the segments. The legs are very obscure, and their jointing, as shown in the

figure, altogether uncertain ; as far as preserved, which may very well be not to their ex-

tremity, they are shorter than the breadth of the body.

Length of fragment, 48 mm. ; apparent breadth, 5.5 mm. ; average length of segments,

3.6 mm.; diameter of tubercles, 1.5 mm.
Mazon Creek, 111. Mr. R. D. Lacoe, No. 1830ab.

Ilyodes elongata sp. nov.

PI. 38, fig. 2.

The single specimen which represents this species is formed of two masses, one L-
shaped and overlying the other which is U-shai)ed; evidently both belonged to the same
individual, and their connection could have been traced had the stone been broken open

more favorably. The division line between the segments cannot be everywhere traced

from the obscurity of the preservation on the stone, but there are present evidently at

least one Imndred and sixty-six segments, which differed apparently not over a sixth

in width and that little perhaps due to a twist in the body as laid down ; they differed,

it would appear, as little in length, being almost uniformly about three and a half times

as broad as long; they show no sculpture whatever, but an obscure series of small de-

pressions in the middle of the segment next the suture; if the creatui-e where these so

appear were lying on its side, these depressions would hold precisely the position of the

tubercles in /. divisa and may represent the cast of weaker tubercles.

Length of whole if extended, 65 -(-96=161 mm.; breadth, 3.5-4 mm.
Mazon Creek, 111. Mr. R. D. Lacoe, No. 1829ab.

Order ARCIIIPOLYPODA Scudder.

It is in this order that the principal additions in specific forms are to be found, and
they are mainly in the family Euphoberidae from which, as already stated, the genus
Eileticus must be removed. It is, moreover, not impossible that future discovery of

more perfect specimens may show that Amynilysi)es should be regarded as one of the

Diplopoda (allied to the Glomeridae) rathei- than as a member of the Archipolypoda;

but the appai'ent necessity of ventral plates of excessive width and the known armature

of the dorsal plates render it proper to retain it in the Archipolypoda until its structure

is better known, or at any rate until undoubted Diplopoda are found at so cai-ly a pe-

riod.
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Family Euphobeeidae Scudder.

AcANTiiERPESTES Meek and Worthen.

Acantherpestes major.

Acantlierpestes major Sciidd., Mem. Bost. Soc. Nat. Hist., nr, 150 (1882).

Mr. R. D. Lacoe has sent me several new specimens of this species, wliich appears

to be not uncommon at Mazon Creek, but they add little or nothing to what has previ-

ously been published. The best specimen (No. ISOlde) exhibits about twenty-four

segments of the body, neither end of which appears. The spines are nowhere well pre-

served, but the legs are partly shown at each extremity, and seem to be unusually broad,

flattened, and crowded, with no sign of any median carina; although the specimen is not

of the largest size, the fragment measuring about 15 cm. in length, and at most 17 mm.
in breadth, the legs are 1.5 mm. broad in the middle.

Another specimen of this species, fi'om Mazon Creek, sent me by Mr. W. F. E. Gur-

ley, consists of a fragment from the middle of the body, of twelve segments preserved

upon a side view, the spines of the subdorsal series showing finely, but no trace of legs.

The body is curled slightly backward, as is most common in the specimens so far found,

and the segments are 20 mm. high and in the middle 7 mm. long on an average. The
siiines are about 15 mm. long, the apical 4.5 mm. concerned in the furcation; the forks

are deeper than usual, and the boss on which they are seated is 2 mm. high.

Finally, a smaller specimen, presumably of this species, likewise from the middle of

the body and about 11 cm. long, from Mazon Creek, is in the museum of Columbia Col-

lege, the opportunity of examining which I owe to Dr. J. S. Newberry. It is also pre-

served upon the side, shows no legs, and only indications of the subdorsal spines, the

pleurodorsal indicated by abraded bosses. It contains nothing to add to the structural

peculiarities of the species. It is made up of sixteen segments which are about 14 mm.
in height.

Acantherpestes inequalis sp. nov.

PI. 33, figs. 2, 4.

Two specimens of gigantic myriapods have been sent me, one by Mr. E. D. Lacoe,

the other by Mr. J. C. Carr, but now in the possession of the former, which are clearly dis-

tinct from anything hitherto known. Although very difterently preserved and showing

veiy ditlerent characters, they seem to belong together since they agree iu the one feat-

ure of the inequality of the tines of the forked sjiines.

One of them (fig. 2) , received from Mr. Carr, but now numbered 1819ab, in Mr. La-

coe's collection, is a fi-agment of the anterior part of the body preserved to show a com-

pletely dorsal view. The head is transversely oval, but shows no structure; about a

dozen segments are preserved, showing that the body tapered forward, and that the first

segment was much narrower than the head, unless, as is very pi'obable, the latter is un-

naturally crushed; the first few segments are very short and broad, but posteriori}^ they

enlarge and lengthen, so as to be only about three times as broad as long, and present

a somewhat coarse granular structure. The armature, however, is the most interesting
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feature; the lateral spines extending on either side are fully as long as the width of the

body, sometimes considerably longer, and are remarkable for the great length and ine-

quality of the forks, at least from the fifth segment backward, the longer fork being

posterior and diverging from the other and sometimes as long as the stem of the spine

itself; there are, besides, basal thorns both anterior and posterior, of varying length but

the anterior usually the longer and sometimes very long and slender. The subdorsal row

of spines is clearly indicated by bosses (or pits in the obverse) upon most of the seg-

ments; the pleurodorsal series is not so clear, but appears to be indicated, posteriorly,

by the extremities of apparently simple sjjines which protrude laterally beyond the sides

of the body between the lateral spines. There is besides, protruding from the poste-

rior extremity of the sixth segment, just as I described it in A. major, a long slender

stiff rod, here thrust sidewise and thrown a little forward, longer than the width of the

body.

The length of the specimen is 63 mm.
The second specimen (fig. 4), received from Mr. Lacoe, under the number 1819cd,

shows only the posterior part of the animal and in an entirely different position. It is

preserved upon a side view, and shows about eighteen segments though only ten are

here figured. Here only the dorsal spines are shown, and they diff'er remarkably from

the others in being almost boot-shaped, the longer posterior fork being almost the only

one develojied; this is inclined at a strong angle with the stem, and is nearly as long as

it; moreover, the whole is short and stumpy, less than half as long as the width of the

tapering body, excepting on the posterior segments, and the anterior fork is only indi-

cated by a slight projection at the heel of the boot; as, however, they agree with those

of the lateral row in the other specimen (and not seen here) in the unequal length of

the forks, which mainly distinguishes either from A. major, they are placed together

until further light is obtained from other specimens. The legs are fairly well preserved,

are not closely crowded, slender, with only slight sign here and there of a median car-

ination, taper very regularly beyond the middle to a point, the last joint the shortest,

the preceding three subequal and only a little longer; at the hinder extremity of

the body they about equal in length the width of the body, but a dozen joints away,

while of the same length, the}^ do not more than equal half the breadth of the body.

The length of the fragment is 93 mm.; the legs are about 9 mm. long. The spines of

the other rows do not plainly appear, but their place is here and there obscurely in-

dicated.

It remains to be seen whether we are here dealing with two species, but the complete

and striking inequality in the forks of the spines will not allow us to look on them as

belonging to A. major, to which at first sight they have a striking resemblance. Neither

of these specimens indicates quite so large a species as that, though much stouter than

any species of Euphoberia.

Mazon Creek, 111.

Euphoberia Meek and Worthen.

I subjoin a table of the species of this genus known up to the present time in North

America.
MEMOIRS BOSTON SOC. NAT. HIST., VOL IV. 67
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TABLE or THE SPECIES OF EUPHOBERIA.
Body stout.

Very large species, with large bristling spines ha\'ing large basal spinules.

Largest of all, with spines like Acantk. major but more deeply forked, not very divergent and witli basal

spinules both anterior and posterior E. hystricosa.

Smaller with more delicate spines and only posterior basal spinules E. horrida.

Ordinary sized species with more delicate compound spines, the basal spinules not so highly developed.

Spines long ; spinules highly developed.

Surface sculpture delicate; body largest on segments 12-18, tapering gradually each way E. armigera.

Surface sculpture coarse ;
great contrast in elevation of subscgments E. grauosa.

Spines either very short with highly developed spinules, or long with very slightly developed spinules.

Body with broadly rounded hinder extremity.

Hinder half of body much smaller than front half, the change sudden ... E. carri.

Hinder half of body gradually tapering and not strikingly diflerent in the two halves E. cuspidata.

Body with hinder extremity abruptly tapering to a blunt point E. flabellata.

Ordinary sized species with simple spines E. spinulosa.

Body slender and long drawn out.

Nearly uniform throughout.

Segments at least half as broad again as long. E. simplex.

Segments hardly broader than long E. tracta.

Delicately tapering so as to be less than half as broad at tail as in front E. anguilla.

Euphoberia hystricosa sp. nov.

Pi. 33, figs. 1, 3.

Unfortunately but a small fragment of the single known specimen is preserved, but

this is so characteristic as to leave no doubt of its relations. Seven adjoining segments

from near the middle of the body appear on the small nodule, all of the same size and

showing a dorsal aspect. The segments are about two and a half times broader than

long, and the shorter anterior portion is considerably elevated and bears near its outer

limit a boss which represents the base of a spine belonging to the subdorsal series; the

spines themselves are broken oif, but those of one of the lateral series appear, and are

exceedingly large and formidable. They are very stout and very long, nearly as long

as the entire breadth of the body and apparently dejDressed, forked a little beyond the

middle, the forks only slightly divergent and subequal, lying in the same plane as the

body of the spine, the anterior the longer, stouter and blunter, and scarcely bent forward

from a continuation of the basal part of the spine. Besides this, there is at the base,

ajoparently clearly separated in all instances from the great spine, but in close jiroxim-

ity to it, a slender spinule anterior and another posterior also hang in the same plane,

but shoAving no signs of depression.

Length of the fragment, 46 mm.; of the single segments, 5.5 mm.; bi-eadth of same,

14 mm.; length of spines, 13 mm.; width at base, 1.75 mm.; length of spinules, 3 mm.
The species closely resembles in general efiect Acantherpestes major, but there are no

pleurodorsal series of S])ines, and therefore it cannot fall into that genus. No species of

Euphoberia at all resembles it, or can compare with it in size, excepting the European

E. ferox, which ditfers entirely in the shape of the spines at base, and in lacking the an-

terior ridge upon which the subdorsal spines are mounted. The spines of this species

closely resemble those of Acantherjyestes major, and agree with them in size, but they

differ in the great depth of the apical foi-k, as well as in minor points.

The nodule comes from Mazon Creek, 111., and was sent to me for study by Mr. R. D.

Lacoe, in whose collection it bears the number 18()2ab.
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Euphoberia armigera.

PI. 34, figs. 2. 4, 8
;

pi. 35, fig. 3.

Euplioberia armigera Meek and "Worthen, Amer. Joui-n. Sc, (2), xLvr, 25-26 (1868).

A specimen received from Mr. R. D. Lacoe (No. 1804cd, of his collection, fig. 3)

from the Mazon Creek nodules, is nearly complete but appears to lack both extremities;

thirty-five segments are preserved, showing a dorsal view of a sinuous body, the lateral

spines of one side nearly complete, together with a few of the other side in front; these

are slender, gently curved, and do not appear to show any spinnles whatever, though

there are here and there possible indications of them, not shown in the figure; the spines

are, however, poorly preserved, and the absence ofspinnles may be looked upon as merely

the accident of preservation. The bod}' is not prominently ridged, and is flattened by
jjreservation ; no rugosity of the surface is noticeable. The anterior half is of nearly

uniform size, scarcely tapering in front, the segments about twice as broad as long; the

posterior half tapers very regularly to less than half the size of the middle, the segments

shortening a little. The spines are about half as long as the greatest width of the body.

No legs ai*e visible.

Length of specimen, 75 mm.; greatest breadth, 4.25 mm.
Besides this I have seen nearly a dozen specimens, most of them received from Mr. R.

D. Lacoe, but others from Mr. W. F. E. Gurley, Prof J. S. Newbei-ry and Mr. F. T. Bliss.

None of these require special mention, excepting one of those received from Mr. Lacoe
under the number 1804kl (fig. 8). This is a portion of the hinder end of the body of

unusually lai'ge size, and containing about twenty-nine segments; one remarkable thing

is the slight degree to which it tapei's, the diminution in size being altogether confined

to the last ten segments, half the diameter being lost in that distance. The segments are

nearly twice as high as long, have the subsegments well distinguished, and show the

texture of the surface, which appears to have been finely pitted with ti'ansversely arranged

somewhat transverse punctures, shown as too circulai- in the figure (fig. 2) . Along the

middle line of the body and also next the under edge appear some perhaps wholly for-

eign textures, one of which is represented still further enlarged in fig. 4, which are seri-

ally arranged and may be mere mineral fillings of spine-scars. Nearly all the subdorsal

spines are seen ; they are well heeled, rather slender, arcuate, and pointed, considei-ably

longer than the segments. Very many of the legs can be seen, and these are unusually

short and stout and incurved ; the enlarged figures show well their division into joints at

different parts of the body, from which it would appear that the second joint was not

elongated, and on this account I have very much doubted whether this specimen should

not be separated from the others as a distinct species.

Length of fragment, 108 mm.

Euphoberia granosa.

PL 34, figs. 5, 6
;
pi. 36, fig. 2.

Eiqilioheria granosa Scudd., Mem. Bost. Soc. Nat. Hist., nr, 168 (1882).

To this species I refer several specimens seen since the originals were described, which
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are remarkable for their coarse sculpture, inequnlit}' of the subsegments, and general form

of the segments, although some at least of them have spines which differ somewhat from

those of the previous specunens, perhaps due, hovrever, to their belonging to different

longitudinal series.

One of them which is here figured (fig. 6) sho ws only about a dozen or fifteen seg-

ments from near the anterior end of the body, and is considerably larger than the largest

specimens hitherto known. It is preserved upon the side and the spines seen at one

edge are evidently those of the subdorsal series. The segments are about three times

as broad as long, but the flattening of the body largely conceals the evident previous in-

equality of the subsegments; the surface is very coarsely granular (fig. 5). The spines

ai-e rather stout, very much shorter than the segments, curved backward, and show no

sign of any anterior fine basal spinule, but instead a distant basal posteiior spinule of

similar coarseness as the main spine, but very low; these are not well shown on the plate

as they can only be well made out by shifting the point of view. The legs are slender

and nearly as long as the width of the body. The ventral plates are seen in part and

are normal.

Length of fragment, 58 mm. ; breadth, 10 mm.
The specimen comes fromMazon Creek, 111., and was received from Mr. R. D. Lacoe,

in whose collection it bears the number 1805 ij.

Another specimen, also received from Mr. Lacoe and l^earing the number 1805mn,

is of nearly equal size, preserved in a sinuate curve, lying upon its side, and showing

similar parts; it is much more complete, showing almost the entire length of the animal,

the head possibly and a portion of the tail certainly absent. About thirty-eight seg-

ments are present. It is of nearly uniform size throughout, except that it is slightly

larger over a rather broad space in the middle, the front third about equal, and the pos-

terior part considerably smaller, giving a contour unlike any before met with. The

segments have the usual proportions and distinct heavy sculpture of the species, the

granulations, however, somewhat exceptionally unequal and distant. Here also the spines

of the subdorsal series are much as in the specimen last described, but do not show so

clearly the posterior basal spinule, and also show no sign of any anterior one. The legs

are slender, extended at full length, and evidently longer than the width of the body in

advance of the widest part.

Length of fragment if extended, 95 mm.; greatest width, 9.5 mm.
Two other specimens also received from Mr. Lacoe, Nos. ISOokl and 1805h, of smaller

size, also belong here; they show nothing peculiar excepting that each at its hhider ex-

tremity, which in one case is perfect, shows that the subdorsal spines at this extremity

of the body were apparently simple but remarkably stout, shoi't, and blunt; they are only

twice as high as their basal breadth.

To this species I also refer doubtfully a specimen from Mazon Creek (fig. 2) sent

me by Mr. Gurley, showing about twenty-four segments preserved on a side view with

some of the legs. No spines are present and only a few places are at all characteristic.

It is in any case a small specimen, measuring but 40 mm. in length, and 1.75 mm. in

diameter. It is nearly equal throughout, tapering only a little toward the tail. The legs

are 2 nnn. long.
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Euphoberia cam.

Euj^hoheria carW SciidcL, Mem. Bost. Soc. Kat. Hist., rn, 171 (1882).

A single additional specimen has come to hand, a large fragment containing all hnt

the two ends of the body, stretched in a bent line, presenting a dorsal view of about thirty

segments. As in the specimens already described, there is not only considerable diver-

sity in the general size of the fi-ont and hinder half of the body, the front half being

nearly double the width of the hinder, but the change is relatively rapid, falling upon a

few segments near the middle, though this is not so pronounced as in those previously

described. The segments are about three times as broad as long, with a slightly greater

relative bi-eadth on the front than on the hinder half of the body. The anterior sj)inif-

erous half of each segment is heavily ridged, while the posterior is nearly flat, though

this condition is somewhat effaced by crushing in the middle of the body.

Only the basal bosses of the subdorsal series of spines can be seen and these are near

together, but in many cases obsciu'e. The lateral series is tolerably complete through-

out upon both sides and shows these spines to have been tolerably stout, sharply pointed,

a little curved and scarcely so long as the segments; where suitably turned they show

an angle near the middle of the front contour, which is all that appears of a spinule,

probably broken off; but a veiy considerable, straight, slender needle arises from behind

the base of the main spine, in situations favorable for it to be seen, almost half as long

as the main spine. No legs are preserved. The whole surface of the body is finely and

evenly granulate.

Length of fragment, 63 mm.; greatest breadth, 9 mm.; least breadth, 5.5 mm.; length

of spines, 2.5 mm.
Mazon Creek, Illinois. Museum of Columbia School of Mines, comminiicated by Dr.

J. S. Newberry.

Euphoberia cuspidata sp. nov.

PL 34, figs. 3, 7.

A single specimen only is known of this species, the head end of which is obscure, and

the other extremity broken off. About seventeen segments are shown, preserved in a

straight line uj^on a side view. The body tapers forward a little on the three or four

fi'ont segments and to a somewhat similar degree behind the twelfth or thirteenth seg-

ment, but the portion preserved is very nearly uniform. The surface is grauulose as in

E. granosa. The head is exceedingly vague, but appears to be large, to have a rounded

front, and to drooj). The body segments appear to be slightly selliform by the ridging

of the anterior edge, and they bear, apparently on the posterior half of the segments, a

row of superior spines (presumably on both sides). By the fracture of the stone, these

spines are very obscure, but they ajjpear to be short, stout and double, having an ante-

rior erect prong, not higher than one-fifth of the thickness of the body, and an oblique,

backward directed, posterior prong a little shorter and subtriangular. The legs are a

little longer than the thickness of the body, laminate, the flat surface set obliquely (the

edge being foi'ward and outward) , of nearly equal width until near the pointed tip, when
they taper rapidly, the joints indistinguishable in this specimen.
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Length of specinu'ii, 3G mm.; breadth, 2.5 mm.; length of legs, 4 mm.; their basal

breadth, 0.75 mm.
The species is distinguishable from the others by its short, double spines, its more than

usually equal form, and by the shape of the segments, which are only about half as broad

again as long. It seems to be most nearly related to E. carri, but altogether lacks the

sudden attenuation of that species in the middle of the body. It is not unlike E. rjranosa,

with which the texture of the l)ody and the length of the segments agree, but the spines

are very different and there is no such sudden contrast in elevation between the sub-

segments. The figure represents the legs as much too slender.

The specimen Avas sent me for study by Mr. R. D. Lacoe, in whose collection it bears

the number 1814ab. It comes from Mazon Creek, Illinois.

Euphoberia spinulosa sp. nov.

PI. 34, fig. 1
;
pi. 35, figs. 1, 4, 5

;
pi. 36, figs. 7, 8.

The single specimen upon which this species was first recognized is a nearly complete

animal lying partly coiled on its side (PI. 34, fig. 1) and showing the legs and a fisw

spines. It is somewhat stout, tapering only a little in its posterior half and still less an-

teriorly, the specimen composed of about thirty-seven segments; the segments consist

apparently (for they are crushed and obscure) of an anterior, shorter, elevated, domed

portion, bearing spines, and a longer, lower and flat portion. In some places the ventral

plates, two to each of the dorsal subsegments, can be seen, every alternate one bearing

legs; that is, every ventral segment is broken into two,—an antei'ior larger, pedifei'ous,

and a postei'ior apodal subsegment, the division indicated by a slightly lower level of tlie

apodal half. The main segments of the body are from two or two and a half to a little

less than three times as broad as long, and the spines (of which only a few of the sub-

dorsal ones can be seen) are perfectly simple, straight, slender and tapering, scarcely

half as long as the width of the body. The legs are slender and tapering, slightly more

than half as long as the width of the body. The head is completely oljscured, being

mingled with the legs toward which it is coiled, but the posterior end of the body is dis-

tinct, with a rounded rectangular hinder edge where in the last segment it suddenly

comes to an end.

Estimated length of the specimen if uncoiled, 94 mm.; breadth in the middle, 6 mm.;

at posterior extremity, 3.5 mm.; length of legs, 3.5 mm.; of spines, 2.75 mm.
The specimen lies on a piece of blue limestone forming the roof shale over the lower

coal seam at Braidwood, Illinois, and was received for study from Mr. E,. D. Lacoe, in

whose collection it bears the number 1820a.

The species as based upon this specimen seems to difier from all I have seen in the

simple character and delicacy of the spines, which have no basal thorn; the anterior ele-

vated portion of the segments is also narrower in proportion to the rest than usual.

About a dozen other specimens later examined agree pretty well in their general char-

acteristics with E. granosa, and in the form of the segments with E. carri, but differ

from them, as from nearly all others, in the character of the armatiire, the spines being

long and slender and entirely without basal or other secondary sjoinules, and are there-
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fore regarded as belonging here. In this respect they agree apparently with E. hroionii

of England, with which indeed they may possibly prove identical, though they grow to

a mnch lai'ger size than any British specimens I have seen.

The most perfect example (figs. 4, 5) is preserved upon a side view, each half with a

distinct and partial coil. The lateral termination of the dorsal and ventral scntes is visi-

ble thronghont; and the large transverse spiracles are readily seen next the outer base

of the legs, in the middle of the segments or with the anterior edge in the middle of the

segments. The head shows little beyond its outline, and appears little larger than the

segment behind it, with an inferior tapering prolongation; fi-om a little below the middle

of the front springs an antenna whose total length a little exceeds that of the head, in-

terrupted in the middle, but apparently as a whole consisting of ten or eleven joints

which are oval and subequal, more than half as long again as broad, and slightly larger

apically than basally, the terminal joint smaller than the others. The body is lai-gest in

the middle and subequal in more than the middle half, tapering about equallv and very

gently at each extremity. As thus preserved, upon a side view, shoAving only one half

of their surface, the dorsal scutes are of about equal length and breadth, and appear to

be composed of a larger anterior and shorter but higher posterior section, upon the latter

of which the straight, simple, delicate spines shorter than the segments are mounted.
The legs are exceptionally short and stout, and blunt tipped, hardly tapering; they are

about as long as the segments.

Length if uncoiled, 84 mm.; height in middle, 4.5 mm.; length of segments, 2.75 mm.;
of spines, 2 mm.; of legs, 2.5 mm.
Mazon Creek, 111. Mr. R. D. Lacoe, N"o. 1820cd.

One of the largest specimens belonging to this species (PI. 35, fig. 1) is also preserved

upon a side view coiled into a semich-cle. The ventral scutes hei"e look as if formed of

a collection of transverse straps, three oi* four to each scute, with a finely granular sur-

face, but the dorsal scutes are less perfectly preserved, though when clear diller in no
way from those of the typical specimen; the spines at the front end of the body are,

howevei-, relatively coarser and the legs seem relatively longer. The specimen measures
130 mm. in length, and 9 mm. in middle height, tapering as in the preceding toward
either end but perhaps over a longer i-egion. The specimen is in the collection of Co-
Imubia College, whence I received it throngh the coui'tesy of Prof. J. S. ^Newberry.

Another specimen (PI. 36, fig. 8) shows the same view of the front half of an animal

stretched out straight, and is interesting principally from its preserving one of the an-

tennae attached to the middle of the front of the head (fig. 7) ; this is apparently not com-
plete, a little shorter than the head and composed of about seven joints, some of them
obscure, but where best preserved cylindrical and half as long again as bi'oad; it taj^ers

a little. The distinction between the anterior and postei-ior sections of the body-seo--

ments is greater than usual, and where the surface is clearly seen it is distinctly and
rather coarsely grauuhite; the stigmata are very distinct, and as in the previous speci-

mens, but the legs are vague. It comes from Mazon Creek, III, and bears the number
1820ef, in Mr. Lacoe's collection.

Other specimens, some received from Mr. Lacoe, others from Mr. Gurley, do not ap-

pear to add much to what these have told us. One, however, IS'o. 1820gh, of Mr. Lacoe
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is a young specimen, and here the spines appear to be erect with no backward sweep

and to be nearly or quite as long as the width of the body; only a dozen segments are

preserved and the sjjecimen, very imperfect, is only 17 mm. long and 1.75 mm. in diam-

eter.

Euphoberia simplex sp. nov,

PI. 35, figs. 2, 6, 7.

A couple of specimens of sjiined Archipolypoda differ so much from the others I

have described, that they seem better separated from them. By their slender forms

they agree best witli the two species which follow, while in their size and armature they

agree better with most of those that precede.

The first and best specimen (fig. 2) shows the whole of a myriapod extended with a

gently sinuate curve ; it presents a lateral aspect. The head is a little larger than the

immediately succeeding segment, but is very poorly preserved, and shows no appen-

dages. The segments of the body are thirty-seven in number, increase rather rapidly

in size on the anterior six, the size then attained being retained up to the third or fourth

before the hinder end when they taper similarly, the last segment being bluntly rounded

and about as large as the head; excepting where tapering, the segments are a little less

than twice as broad as long, and are separable into a shorter anterior and a longer and

moi"e elevated postei-ior subsegment, at the anterior part of the latter of Avhich the

spines are seated. These are arranged as usual in the genus, and the subdorsal series

consists of nearly simple, short and pointed, arcuate spines, barely or not half so long

as the segments, with a posterior basal spinule arising faintly from a sort of heel to the

spine, often very inconspicuous and not shown on the plate ; in texture, the upper sur-

face appears to be finely granulated, while the lower plates show a fine punctuation, the

punctae transversely elongated. The legs are very well preserved, in many places

showing well the division into joints and the median longitudinal carina; the second

joint is usually just about as long as the subequal remaining three; they are strongly

compressed laterally, and most of the tapering occurs on the apical joint; their surface

is smooth but not polished.

Length, 91 mm.; breadth in middle, 4.5 mm.; length of middle legs, 3.75 mm.; of long-

est spines, 2 mm.
Mazon Creek, III. Mr. R. D. Lacoe, No. 1812ab.

A second less perfect but interesting specimen from the same place (fig. 7) is simi-

larly preserved on the stone but with the hinder end drooping and possibly not quite

complete. The head is better preserved than in the preceding specimen, much larger

than the immediately succeeding segments, well rounded, a little longer than broad,

and shows a few obscure antcnnal joints (fig. G) ; they are only three or four in num-

ber, subequal in length, but narrowing slightly, and all together not more than half as

long as the head. The body is sul^equal almost thoughout, scarcely showing any signs

of tapering in front, Avhile the specimen is too imperfect behind to determine that point.

There are about thirty-three segments which are only about half as broad again as long.

mo spines can be certainly made out, but nearly all the legs are preserved, though ob-
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scui'cly, and where preserved do not always show the longitudinal carina on adjacent

segments; legs are found at entirely eqn\l intervals up to the head, but the state of ])re-

servation of this general region does not permit further statement; the legs are a little

shorter than the width of the body.

Length, 51 mm.; breadth, 2.75 mm.; length of legs, 2,4 mm.; of antennae 1.75 mm.
Mazon Creek, III. Mr. W. F. B. Gurley.

The species is peculiar for its slender form and relatively long segments combined
with short sharply pointed spines. In general appearance, except for its slenderness

and general form, it reminds one most of E. carri.

Euphoberia tracta sp. nov.

PI. 36, figs. 1, 4-6.

The first specimen seen (fig. 1) is only tolei-ably well preserved, shows both obverse

and reverse, and exhibits a lateral view of the greater part of the creature from the

head backward over about thirty-four segments. The body is gently carved, the back

convex, and near the head end more strongly arched, exceedingly long and slender, of

nearly uniform size throng'hout, there being no sign of tapering anteriorly, and it is

barely perceptible on the posterior fourth pi-eserved. The head is larger than the seg-

ments behind, and droops considerably, the larger size being indicated by the amount
of this droop, since the top of the head is continuous with the upper surface of the

body; it is well rounded in front, but nothing can be made of any appendages. Unfor-

tunately also none of the spines are preserved, and the only indication of their presence

is in occasional pits, especially at the anterior end. The segments are unusually long,

bringing the legs of succeeding pairs much farther apart than usual. Excepting in the

anterior part of the body, they are ofabout equal length and breadth,— a feature which
at once distinguishes this species from any other; the anterior part of the segments is

narrowly ridged, and across the middle is a less prominent and more rounded transverse

elevation dividing each segment into two equal subsegments. This has not been made
to appear in the figure. In places where best preserved the surface of the segments

shows a veiy delicate granulation. The legs are, as stated, far apart, a little longer

than the width of the narrow body, slender, tapering regularly and pointed. They show
slight or no signs of any unusnal basal expansion, and their joints are indistinguishable.

Length of body, 46 mm.; width of same, 1.6 mm.; length of legs, 2.5 mm.; their basal

width, 0.3 mm.
The specimen comes from Mazon Creek, 111., and is numbered 1838ab, in the collec-

tion of Mr. K. D. Lacoe, from whom I received it.

The second specimen (fig. 5) is in a similar state of preservation, and was not seen until

the preceding was described. It shows both obverse and reverse and represents the lateral

view of the entire animal, if the tail end is complete, and though difiicult to determine

by its obscurity in certain parts, appears to be composed of about thirty-five segments

behind the head. The body is long and slender, tapering very inconsiderably in its pos-

terior half. The head appears to be still partly buried in the stone, and consequently does

not show its size or form, but it evidently droops very much below the lower level of
MEMOIRS BOSTON SOC. NAT. lUST., VOL. IV. 68
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the body. No spines are presei'ved anywhere, and only slight indications of their in-

sertion are apparent. The segments are obscure throughout, excepting near tlie head,

and therefore coukl not be enumerated, but for the legs. As in the previous specimen,

they appear to be generally of about equal length and breadth, but next the head they

are broader than long. The division into tAVO parts, as shown in the other specimen, is

obscured here, exce[)ting next the head Avhere it is identical. The legs are as in the

other specimen, except in being possibly a little longer and in showing some basal ex-

pansion.

Length of body (if straightened), 40 nun.; middle width of same, 1.5 mm.; length of

legs, 2.8 mm.; their basal width, 0.3 mm.
The sjjecimen comes from the same place, and bears the number 1838cd, in Mr.

Lacoe's collection.

A third specimen (fig. 4) seen, together with the following, after the pi-eceding de-

scriptions had been written, shows a lateral view of a slightly arcuate aniuial, nearly

the whole of which is pi-eserved, although almost wholly destitute of appendages. The

body is thus seen to be of nearly equal size thoughout, scarcely tapering on the first

three or four segments and in the posterior fourth, composed of forty-two subquadrate

segments, besides the head; the latter is a little broader and larger than the segment

behind, well rounded but shows no appendages. The segments are everyAvhere simi-

lar, about a third or a fourth broader than long and show a division into two subseg-

ments by a median or antemedian tranverse sulcation and a slight difference in eleva-

tion of the two subsegments, the anterior being slightly the higher; the signs of spines

are slight, but occasionally a simple, arcuate, very short spinule rises above the dorsal

outline. The legs are almost entirely obliterated, but a few at either extremity show

that they are as long as the width of the body or even longer, and very slender.

Length of body (if straightened), 45 mm.; middle width of same, 1.6 mm.; anterior

width, 1.2 mm.; length of anterior legs, 1.5 mm.
The specimen comes from Mazon Creek, 111., and was received from Mr. E. D.

Lacoe, in whose collection it bears the number 1838gh.

A fourth specimen (fig. 6) shows a scarcely arcuate body of a specimen slightly

larger than the last but not so fully preserved, both ends being lost. About thiity-

six segments are seen, slightly broader than long, but in general they show very little

structure; it would seem, however, as if besides the median sulcation between the sub-

segments, each of the latter had its own submedian transverse sulcation much sharper

and slighter than the other; the surface was apparently smooth; no signs of spines ap-

pear except a latei-al series indicated at one extremity by very deep circular pits at one

margin, presumably the antei'ior, of each segment. Legs are seen all along the lower

margin of the body, though by no means always jierfect; when complete they are some-

what longer than the width of the body, very slender, and delicately tapering.

Length of the fragment, 52 mm. ; breadth in middle, 2 mm.
This specimen also comes from Mazon Creek, 111., and from Mr. Lacoe, and bears

the number 1838ef.

A fifth specimen is a curious one; it represents apparently a single specimen, but it is

bent abruptly ui^on itself twice, so as to be broken or apparently broken into three
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nearly equal parts, lying one above the other, the upper and lower parallel, the middle

and longer piece, really the anterior third, a little oblique, crossing one end of one of

the others. The great length and slenderness of the specimen with the subqtiadrate

form of the segments leave no room to doubt that it belongs here, but it shows very

little, for the head is unprovided with appendages, and only slight indications of spines,

quite as in the other specimens, appear. Some parts display the legs fairly well, showing

that they were very slender and tapering, considerably longer than the breadth of their

segments. The body appears to have been largest near the base of the anterior third

and to have tapered very slightly in either direction, the hinder end quite blunt. If it is

not broken, but the disconnected parts are united beneath the present exposed surface

of the stone, its total length must have been fully a decimeter; if broken and all parts

are seen it would still be 9 centimetres long, while its greatest breadth is 2.5 mm., and

at the hinder extremity 1.75 mm.
The specimen comes from Mazon Creek, 111., and was received from Mr. E. D.

Lacoe, in whose collection it bears the number 1838ij.

Another specimen has been received fi'om Mr. W. F. E. Gurley from the same local-

ity, but is exceedingly imperfect; it is apparently a young specimen, being if uncoiled

only 40 mm. long. It is too poor to measure the breadth at any point, but it appears

to have been equally slender with the others.

The species is remarkable for its nearly uniform and slender body, the great length

of the segments as compared with the width of the body, the slenderness of the legs,

and the unusual distance apart of consecutive jiairs.

Euphoberia sp.

Mr. R. D. Lacoe has sent me a straight fragment of a Euphoberia, composed of

about fifteen or sixteen similar and equal segments from what is apparently about the

middle of the body, but which is too imperfectly preserved to determine the species,

though it perhaps represents E. tracta or E. simplex. It would not be worth mention-

ing but for the appearance it presents of being covered above with a mat of flowing hairs,

here appressed to the surfice. The segments are about half as broad again as long,

and their surface finely granulate. The total length of the fragment is 26 mm.; it

comes from Mazon Creek, 111., and is marked 1889a, by Mr. Lacoe.

Euphoberia anguilla.

PI. 30, fig. 3,

Enplwheria anguilla Scudd., Mem.Bost. Soc. N'at. Hist., iii, 177, PI. 12, fig. 20 (1882).

An additional specimen (fig- 3) has been found, but it adds little to our previous mea-

gre knowledge. It is nearly complete, however, though the head end is altogether ob-

scure. It lies in an arcuate position upon the stone, the dorsal parts convex, and the

legs drooping from the under surface. The head is very obscure, but apparently agrees

with what is seen in the original specimen, and, as thei-e, no appendages are visible.

The body is largest in the middle of the anterior half and tapers very gently in each

direction, the tail being about half as wide as the broadest portion, which is not so nar-

o
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rowly confined as in the specimen before found; the segments vary in their proportions

very mnch as in the original, though they appear to be relatively shorter next the hinder

end. The legs are poorly i)reserved, but can be seen throvigh all but the front end of

the body to be shorter than the width of the body, especially in its widest portion, and to

be rather stout, slightly tapering and blunt tipped. No spines are clearly seen, but

their presence on the subdorsal region is indicated by obscnre marks, which in no way

dijffer from the few seen in the type. The specimen is about 53 mm. long and comes

from Mazon Creek, Morris, 111., where it was obtained by Mr. F. T. Bliss. It bears the

nnmber 131 in my collection.

Still another specimen of what appears to be this species has been sent me by Mr. R.

D. Lacoe. Both faces of the nodule show the specimen about equally well or rather ill.

It is indeed so faint that no attempt has been made to have it drawn. Like the orig-

inal it is preserved on a dorsal -sdew in a curved position, the front two-thirds pretty

strongly bowed, the hinder third bent at right angles to the part in front and curved or

roinidly bent in the same sense. The whole animal appears to be preserved and it diliers

from the ty^je only in tapering a little more rapidly and in having the posterior extrem-

ity extended almost to a point. If extended its length would be about 35 mm. ; its

breadth at greatest behind the head, 2.5 mm.; and in the middle of the body, 1.75 mm.

The segments are too indistinct in many parts of the body to be counted, so that the

total number cannot be compared with that of the type, but just behind the head the

segments appear to be just about twice as broad as long, and in the middle of the hin-

der half they are proportionally but little longer than in front. The tapering of the

body is almost entirely confined to the hinder half, and at the extreme tip the body is

less than 0.25 mm. broad. Nothing can be told from this specimen any more than from

the first known concerning the structure of the spines or legs, luiless certain marks at

the sides of this, near the middle, indicate legs; these would then be exceedingly slender

and fully as long as the width of the body.

Mazon Creek, 111., nodules. No. 1807cd.

Family Archiulidae Scudder.

Archiulus Scudder.

Several species are now known to me from North America, besides those here de-

scribed which are somewhat problematical from the natiire of their entombment. Others

from the sigillarian stumps of Nova Scotia will be described on another occasion.

Archiulus? glomeratus sp. uov.

PI. 37, figs. 2, 3.

A closely coiled, moderately large galley-worm (fig. 2) is doul^tfully referred to this

genus, though much larger than any heretofore found, because its well pi-cserved seg-

ments show no sign of any division into frustra and no indication of spines or any lon-

gitudinal series of prominences. Eighteen or nineteen segments are preserved, all but
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four or five of them very well,— at least the dorsal scutes. These consist of simple

plates with well rounded lower edges which apparently extend beyond the lateral limits

of the body proper (to judge by the transverse curving I'idges generally seen above their

termination), about twice as broad as their greatest (superior) leugth, with indications

of some thickening of the anterior and posterior margins, preceded by a more or less dis-

tinct and extensive transverse furrow. No definite signs of the ventral scutes can be

seen and they are apparently covered by the presumed lateral expansion of the dorsal

sciites which on a side view would conceal them. The legs are seen in several places,

but too obscurely and intermingled to say more of them than that they appear to be cer-

tainly very stout and long and longitudinally ridged. Neither extremity of the body

is seen and there is no apparent sign of any tapering.

Length of specimen if inicoiled, 43 mm.; length of single segments, 2.5 mm.; breadth

of same, 5.5 mm.; breadth of legs near middle, 0.75 mm.

The specimen occurs in a nodule from Mazon Creek, 111., and was collected by Mr. J.

C Carr, to whom I owe the opportunity of studying it. It has since been secured by

Mr. Lacoe, in whose collection it bears the nmnber 1823ab.

Here also I am inclined to place a similarly coiled but much smaller specimen (fig. 3)

from the same locality, preserved in a small nodule sent me by Mr. R. D. Lacoe and

bearing the number 1823cd. It is rather obscure and shows little more than the dor-

sal scutes seen on a side view with no sign of spines or legs or frustra. About forty-

two segments are represented and all are of nearly the same size and in their relative

proportions closely resemble the larger specimen before described. The texture of the

surfiice is very finely granular, almost smooth. If uncoiled, the ci'cature (imperfect)

would be about 36 mm. long; its width is 2.5 mm.

Archiulus? sp.

PI. 37, fig. 1.

A species of myriapod apparently belonging to this genus but very obscurely preserved

on black shale amid a mass of vegetable debris, especially fern leaves, was sent me by

Ml'. E. D. Lacoe from the Maiden Mine, Kittanning coal, Kanawha Co., "W. Va., and

bears in his collection the number 1810a. It represents an openly coiled body, appar-

ently nearly complete as to length, about 85 mm. long, composed of from forty to fifty

segments very obscurely defined. The body is largest at what is taken to be the head

end, tapers rapidly to the head and very gradually to the tail end at the edge of the

stone. Generally speaking the segments are aboi;t twice or a little more than tAvice as

broad as long, and the surface is generally covered with an exceedingly delicate and

uniform striation transverse to the body, and in some places at the head end also lon-

gitudinally; although not detected elsewhei-e on the stone, it is suspected to be extraneous

to the fossil.

Xylobius Dawson.

This genus, peculiar for the frustrate dorsal scutes of the body, originally described

from the sigillarian stumps of Nova Scotia, is now somewhat Avidely known, occurring
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as it does in Great Britain and, as will be seen by the following descriptions, from the

carboniferous deposits of Mazon Creek, 111.

Xylobius frustulentus sp. nov.

PI. 37, figs. 4-G.

This is a small species and represented by specimens closely resembling in general

apjiearance our smaller species of lulus from temperate regions. One is preserved on

a side view (fig. 5), strongly curved like a fish hook, and is apparently complete, thongh

both ends are rather obscure. It is long and vei-y slender, almost equal, tapering

scarcely in the least at either end and composed of alternately longer and shorter seg-

ments, as shown in fig. 6; the number cannot be determined from the obscurity of parts

of the body, but they would appear to number all told more than fifty. The larger

ones are about three, the smaller about foiir times as broad as long. The frustra are

the same on both, separated from each other by delicate incised lines, which are a little

sinuous as well as slightly oblique; they are very narrow, narrower than on any knoAvn

species, being eight or ten times longer than broad. The legs are delicate, slender,

cylindrical, a little shorter than the width of the body, the joints indeterminate.

Length of the body, 33 mm.; width of same, 1.75 mm.; length of legs, 1.45 mm.
This specimen, which comes from Mazon Creek, Avas received from Mr. R. D. Lacoe,

and is numbered 1812ab, in his cabinet.

The second specimen (fig. 4), sent me after the preceding description was prepared,

is similarly preserved in a somewhat semicircular curve; as there, both ends are obscure

and probably neither of them is complete. It is long and slender, nearly equal but

slio'htly tapering on the posterior half and anterior fifth, and not so clearly composed

as there of alternate longer and shorter segments, the shorter, in the greater part of the

body at least, appearing more as mere interspaces and showing no sign of division

into frustra, which are perfectly evident and exactly as in the other specimen in the

shorter segments. The shorter segments have more the appearance of being originally

-formed of a less dense integument than the larger ones, and as being here folded or com-

X)re.-ssed; in this way only can the structure of the two specimens— which agree in all

other .respects— be made to accord sufficiently to consider them the same species. The
number of segments, counting only the larger ones, are twenty-nine, and they have

the same /Vjrm and proportions as in the other specimens, with exactly similar frusti-a.

The legs are of similar delicacy and length, but, as there, with indeterminate joints.

Length ofbL>(1y, 31 mm.; width of same, 2.2 mm.; length of legs, 1.75 mm.
This specimen -yvas obtained at Mazon Creek, and was received from Mr. J. C. Carr,

but is now in Mr. Lacoe's collection under the number 1812cd.

Still another specimen from the same place has been more recently sent me by Mr.

"W. F. E. Gurley. I't is in better condition than the others, curled much as they, and

shows all but the very head and hinder extremity
;
jirobably not half a dozen segments

are lacking; forty-one i-Dpeai'. These are alternately longer and shorter, one about one-

half longer than the otht.]-^ each with its own independent arching; the whole of a pair

of segments as thus constituted when seen on a side view, is about two-thirds as long
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as high and is traversed longitudinally by fine lines breaking it up into frustra of ex-

ceeding slenderness, perhajjs eight or ten tinies longer than broad. The legs are ex-

ceedingly slender, finely tapering to a delicate point, and about as long as the width

of the body.

Length if extended, 44 mm.; breadth, 2.25 mm.

The species is mainly peculiar for the exceedingly narrow frustra, but also for the

altei-nation of longer and shorter segments which appears wherever two adjoining seg-

ments are clearly defined. It Ijears certain resemblances to the interesting Kampecaris

forfarensis Page, so carefnlly described and figured by Mr. Peach of the Geological

Survey of Scotland; more indeed than to any myriapod yet described from this con-

tinent. But the smaller segments are much less important than there, the feet are much

slenderer and Mr. Peach makes no mention whatever of anything akin to frustra. Our

own species is represented by specimens far less perfect than his and does not admit of

a really satisfactory comparison.

Xylobius mazonus.

PI. 37, figs. 7-11.

X>jlohius mazonus SciuU., Zittel, Ilandb. d. Palaeont., i, ii, 730, fig. 902b (1885).

The first specimen of this species which came under my notice was received from Mr.

Lacoe with the number 1809ab, and was intei-esting from being the first myriapod

seen from Mazon Creek in which the segments were broken into frustra, and much

larger than other species of the genus, found heretofore only in the sigillarian stumps

of Nova Scotia. This specimen (fig. 7) is preserved on a side view, and shows a gently

arched body, bent a little behind the head; excepting near the extremities, which taper

considerably for half a dozen segments (fig. 9), the body is of nearly uniform width; it

is complete, and composed of numerous very short segments, obscure in places but ap-

parently numbering about fifty. The form of the body and its general appearance at

first recall the commoner Euphoberiae of these beds, but a closer examination soon

shows considerable differences. Spines are wanting, the extremely shoi-t and broad

segments extend the whole width of the body and are broken regularly into frustra; the

legs are very delicate and not very long, and the head is not lai-ger than the segment

behind it. The segments are about six times as broad as long and the frustra unusually

narrow, being fully four times as long (equal to the width of the segment) as broad, as

shown in the enlarged sketch (fig. 8) of two or three adjoining segments a little in

front of the middle of the body. The legs are very slender, and apparently cylindrical,

but their full length shows only at the hinder extremity of the body where they equal

its diminished diameter. The specimen is 61 mm. long; 5.5 mm. broad in the middle;

2.75 mm. broad at the head end; the longest legs at the posterior end are about 4 mm.
long.

The second specimen (figs. 10-11) is more interesting on account of its perfection.

It was also received from Mr. Lacoe and bears the number 1809cd, in his collection.

It also shows a side view, gently arched, especially toward the head end, which is appar-

ently complete though obscure, while the hinder end is partly concealed under stone,



440 SCUDDER ON CARBONIFEROUS MYRIAPODA.

and may extend beyond the liniits of the enclosing nodnle. The body is of nearly uni-

form width, but tapers forward a very little on the first eight or nine segments and

toward the posterior end. The segments preserved are forty in number, and are of

about the same proportion as in the other specimen. From its better preservation, how-

ever, it shows clearly, what the other shows but vaguely, the exact form of the segments;

the body was plainly cylindrical or neai'ly so, and the anterior and postei-ior border of

each segment was thickened to form together an elevated, more or less rounded band,

together a little more than twice as broad as the intermediate, lower and more flattened

interspace covering the most of the segment; the anterior thickening occupies twice as

much of the band as the posterior; the sutures of the frustra cross the entire segment,

including the band, both antei-iorly and posteriorly; the frustra are separated and marked

oft' by slight raised lines, running with a slight ol)liquity and are of the same propoi'tion

as in the other specimen. The head shows no peculiarities, as it merely ends in a blunt-

ly rounded curve, with no visible appendages and is altogether very obscure. The legs

are delicate, slender, cylindrical, pointed, and unless in the proportionate lengths of the

joints, which cannot be determined, in all respects like those of a modern lulus; they

are nearly as long as the width of the body.

This specimen is also of special interest from the fact that its excellent preservation

ensures seeing any spines which might project beyond the body, and which do not exist.

On one of the stones, however, there may be seen on most of the segments a minute

Avart or tubercle centrally placed, forming a pleurodorsal row apparently about midway
between the middle of the sides and the middle of the back, similar therefore to some

obscure "indications of the same sort on other species of Xylobius. It is interesting also

as showing clearly the lower edges of some of the dorsal shields next the present lower

edge of the fossil, showing that here the ventral scutes must be much narrower than

the dorsal.

The length of the specimen is 45 mm.; its breadth in the middle, 4.5 mm.; at the

head end, 4 mm.; length of legs, 4 mm.; their greatest breadth, 0.08 mm.
Both the specimens are from Mazon Creek, 111.

The species differs from any known by its much larger size, the narrowness of its

frustra, and the strap-like character of its sutural prominences, which do not fall grad-

ually to the level of the lower part of the segment forming a more or less striking selli-

form curve, but abruptly.

EXPLANATION OF THE PLATES.

Plate 33.

Eigs. 1 and 3 are by Mrs. Katheriue Peirson Eamsay ; figs. 2 and 4 by J. II. Emerton.

Euphnberia hystricosa |.

Acantherpestes infqualis ^.

Enphoheria hystricosa
] ; reverse of fig. 1.

Acantherpestes iuequalis -}.

Plate 34.

Figs. 1, 3 and 7 are by Mrs. Katherine Peirson Ramsay; tlie others by J. II. Emerton.

Fig. 1. Enphoheria spinulosa f.

Fig. 2. Enphoheria armigera ; a portion of tlie integument of one of tlie neigliboriug segments of fig. 8, furtlicr en-

larged.

Fig.



Fig.
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SUMMARY LIST OF THE KNOWN PALEOZOIC MYRIAPODA OF NORTH AMERICA.

PROTOSYNGNATIIA.

1. Palaeocampa anUirax Meek and AVortlicn. Mazon

Creek, 111.

CHILOPODA.

Gi-rascuti(/eridae.

2. Latzelia primordialis Scudd. Mazon Creek, 111.

Eoscolopendriilae.

3. Eileticus anthracinus Scudd. Mazon Creek, 111.

4. Eileticus aequalis Scudd. Mazon Creek, 111.

5. Palenarthrus iinpressus Scudd. Mazon Creek, 111.

6. Il3'odes divisa Scudd. Mazon Creek, 111.

7. Ilyodes elougata Scudd. Mazon Creek, 111.

ARCIIIPOLYPODA.

Eiiphoberidae.

8. Acantherpestes major Meek and Worthen. Mazon

Creek, 111.

9. Acantherpestes inequalis Scudd. Mazon Creek, 111.

10. Euphoberia hystricosa Scudd. Mazon Creek, 111.

11. Euphoberia horrida Scudd. Mazon Creek, lU.

12. Euphoberia armigera Meek and Worthen. Mazon
Creek, 111.

13. Euphoberia granosa Scudd. Mazon Creek, 111.

14. Euphoberia carri Scudd. Mazon Creek, 111.

1,5. Euphoberia cuspidata Scudd. Mazon Creek, 111.

IG. Euiihoberia flabellata Scudd. Mazon Creek, 111.

17. Euphoberia spinulosa Scudd. Mazon Creek and

BraidAvood, 111.

18. Euphoberia simplex Scudd. Mazon Creek, 111.

19. Euphoberia tracta Scudd. Mazon Creek, 111.

20. Euphoberia anguilla Scudd. Mazon Creek, 111.

21. Amynilyspes wortheni Scudd. Mazon Creek, lU.

ArchiuHdae.

22. Archiulus xylobioides Scudd. Joggins, Nova Scotia.

23. Archiulus glomeratus Scudd. Mazon Creek, 111.

24. Archiulus sp. Maiden Mine, W. Va.

25. Xylobius sigillariae Daws. Joggins, Nova Scotia.

2G. Xylobius similis Scudd. Joggins, Nova Scotia.

27. Xylobius fractus Scudd. Joggins, Nova Scotia.

28. Xylobius dawsoni Scudd. Joggins, Nova Scotia.

29. Xylobius frustulentus Scudd. Mazon Creek, 111.

30. Xylobius mazonus Scudd. Mazon Creek, 111.



XL Illustrations of the Cakboniferous Arachnida of North America, of

THE ORDERS AnTHRACOMARTI AND PedIPALPI.

By Samuel H. Scudder.

Read May 7, 1800.

TiIIE present paper contains a discussion of all the carboniferous Arachnida of Amer-
ica, excepting Arthrolycosa, of which Mr. C. E. Beecher has lately given a fuller and
moi-e correct account than we have had before, and the scorpions, which will be treated

on a future occasion. The descriptions of the previously knoAvn species are more de-

tailed than at first, other new forms are added, and illustrations are given of all, except

of Architarbus rotundatum, -preVwusly figured; with that exception it is the first attempt

to figure the American forms in these groups. It should be added, however, that since

these illustrations were pi-epared, further material has come to my hand, mostly from
the rich collections of Mi-. Lacoe and of Mr. Gurley, which may still farther extend

the list, but I have been obliged to leave them for another occasion.C3"-

Order ANTIIRACOMARTI Karsch.

Body somewhat depressed, the cephalothorax and abdomen distinctly separable. Ce-
phalothorax usually made up in large part of more or less wedge-shaped pedigerous seg-

ments, the arrangement of which corresponds to that of the coxae. Abdomen forming

a single mass and composed of from four to nine distinct joints. Palpi not much longer

than the legs and simjily terminated.

This group, the only extinct order of Arachnida, was established by Karsch for some
interesting cai-boniferous forms of somewhat obscure relations allied to the Phrynidae

and Phalangidae, but very distinct fi-om either of them. Its position seems to be be-

tween the Chelonethi and the Pedipalpi, to the latter of which it bears perhaps the

closest relations. The Anthracomarti were the most varied in structure and, with the

possible exception of the scorpions, the most abundant in species of the carboniferous

Arachnida, and being unknown after that ])eriod they maybe considered the most char-

acteristic of paleozoic Arachnida. The foi-ms here considered belong to two distinct

families.

(443)
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Family Poliocheridae Senelder.

Cephalotliorax quadrate, not nuich smaller than the abdomen. Coxae radiating ap-

parently from a median line. Abdomen rounded, of equal breadth witli the ce[)halotho-

rax, with very indistinct or no longitndinal scnlptnring, composed of only fonr seg-ments,

of which the basal is very short and the others of eqnal length. Xo abdominal appen-

dages.

A single genus and species are known, confined to North America.

PoLiocHERA Scudder {-^">-'^', X^.P"^)

Poliocliera Scudd., Pi-oc. Amer. Acad. Arts So. xx, 16 (ISSi)

.

Cephalotliorax quadrate, a little longer than broad, the front square, the sides nearly

and the posterior border quite straight, the surface flat. Abdomen rounded subquad-

rate, a little longer than bi-oad, its base completely sessile, as broad as the cephalotliorax,

the sides and extremity convex and with a continuous curve, the surface flat and on the

same plane as the cephalotliorax, the first segment short, the others large and equal, the

ti-ansverse sutures straight. Legs stout, depi-essed, moderately long.

This very anomalous arachnid, the position of which seems to lie near the Architai--

boidae, must be referred to a distinct family as given above. It would seem not im-

probable that Kusta's genus Scudderia (name preoccupied in Orthoptera,— Stal, 1873)

is nearly allied to this.

Poliochera punctulata.

PI. 39, figs. 2, C.

Poliocliera punctulata Scudd., Proc. Amei\ Acad. Arts Sc. xx, 16 (1881).

The front border of the cephalotliorax is a little elevated, and behind it, extending

neai'ly to the middle, a very broad, very shallow, transverse depression; there is also an

equally slight but small central depression, but all of these scarcely aflect the extreme

flatness of the whole field which is shared also by the abdomen; both cephalotliorax

and abdomen are regularly and deeply punctate, as shown in fig. 6, excejiting on the brief

first abdominal segment which is only punctate along its hinder edge, and excepting

also, as in the figure, in the division lines of the segments; the punctuation is perhaps

a very little heavier on the cephalotliorax than on the abdomen. The abdomen is also

marked by slight straight lateral ridges, dividing the segments into three nearly equal

parts which are only noticeable on the front half of the segments, but can be traced

throughout; a moderately narrow and slightly elevated rounded bounding ridge seems

to follow the entire rim of the abdomen. The legs are stout or at least all but the front

pair, and all are long though none ai'e preserved for their entire length; the basal joints

ol'all of tlu'iu ai'e short, stout and quadrate, those of the front pair about half as stout as the

others, and those of the third pair the stoutest of all; the joint beyond is long and only a

little more than half as broad as the basal joint, those of the dific'rent legs of about equal

length with each other and nearly as long as the width of the cephalotliorax; the third
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joints are all broken in the specimen, bnt on some of the legs at least were apparently

about as long as the second joints ; all the joints are flattened and punctate like the body,

but not so deeply. The front pair of legs is about two-thirds as stout as the others and a

little shorter.

Length of body, 15 mm.; ccphalothorax, 6 mm.; first abdominal segment, 0.8 mm.; sec-

ond, 2.3 mm.; width of cephalothoivax posteriorly, 5.5 mm.; middle of abdomen, 6.5 mm.;

length of second joint of first pair of legs, 4.5 mm.; its width, 0.6 mm.; length of first

joint of second pair of legs, 2 mm., its width, 1.9 mm. ; length of second joint of same, 5.5

mm., its width, 0.85 mm.; length of first joint of third pair of legs, 2.5 mm., its width,

2.25 mm.; length of second joint of same, 6.75 mm., its width, 1.25 mm.; greatest length

of any leg (as far as preserved), 10.5 mm.
Mazon Creek, 111. Mi-. E. D. Lacoe, No. 1745.

Family Architakboidae Scudder.

Ccphalothorax variable in form but at least half as large as the abdomen. Coxae ra-

diating from a central pit, a median line, or from a broad triangidar space, its base on

the abdominal margin. Abdomen orbicular or oval, broad at base with a more or less

distinct lateral ridge on each side, converging towai-d the anus; segments from seven to

nine in number, visible below, though the basal ones often extremely shortened in the

middle; no abdominal a^jpendages.

This appears to be the best developed among the fomilies of paleozoic Anthracomarti,

especially in Ameiica where four genera occur, most of them, so far as known, peculiar

to the New World.

GeRAPHEYNUS Scudder (^y.r/.c,Pl)rynus, nom.gen.).

Gercvplirynus Scudd., Proc. Amer. Acad. Arts Sc. xx, 16 (1884)

.

Allied closely to Architarl)us; the body is compact Avith no constriction at the sides

between the ccphalothorax and alxlomen, agreeing in its general structure with Arch-

itarbus, but differing from it considerably in detail. The contour of the body is ovate,

but instead of being rounded in front as in Architarbus, it is pointed and angulate, while

behind it is also pointed, though roundly. ' The ccphalothorax occupies a little less than

half of the body, and the pedigerous coxal segments which, as in Architarbus, are trun-

cated wedge-shaped, enlarging distally, meet in a common median longitudinal ridge,

the sides of which are rather strongly tectiform; this ridge runs from the extreme front

to the posterior edge of the hindmost pedigerous segment, or through about two-thirds

the length of the cephalothorax; behind it is the posterior shield of the ccphalothorax,

the anterior triangular fi-aginent of which slopes upward to the ridge, while the hinder

])()rtions with their transvei-se scorings and ridgings lie on a plane bt'low. lioth anterior

and posterior parts of this shield extend laterally nearly to the borders of the body, and

are thus much broader and comparatively shorter than in our species of Architarbus.

The postthoracic plate is small and resembles thatof Arcliitarbus but is more triangular.

The abdomen resembles that of Architarbus rotandatum, since this postthoracic plate, as
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there, crowds down the middle of the six following segments, all ofwhich reach the mar-

gin and are wider there than in the middle ;^ while the last three joints are, again as there,

extremely broad and niiif(jrm; similar lateral farrows are also found in each.

This genus is American and a single species is known.

Geraphrynus carbonarius.

PI. 40, figs. 1,9, 10, 12.

Geraphrynus carhonarms Scudd., Proc. Amer. Acad. Arts Sc. xx, lG-17 (1884).

The median ridge of the cephalothorax (fig. 10) is flat n])on the summit, with its lat-

eral edges a little raised, so as to cause the rest to foi-ni a flat groove; the pedigerous

coxal segments are very faintly ])unctnlate, so as to be scarcely perceptible ; the first pair

taper more rapidly toward the interior than the others from the shape of this part of the

body and terminate in a point, while the others pi'esent to the median ridge an edge; the

others taj^er about equally, their interior margins being a little more than half as long as

their exterior. The posterior shield has its front edges divaricating at considerably more

than a right angle; at the base of the anterior sloping triangle is a transverse rounded

ridge of considerable width, its posterior margin limited by a very broad and shallow

double crescentic line; following this, opposite the anterior margins of the first abdomi-

nal segment is a similarly waved grooved I'idge, the grooves of either side ftiding out

before reaching the middle line; the sinuous posterior margin of the cephalothorax fol-

lows hard upon this. This posterior shield of the cephalothorax is faintly punctulate

but more distinctly than the pedigerous segments (coxae).

The ])ostthoracic shield is similarly punctulate, while the abdomen is profusely and

rather distinctly punctate (fig. 9) ; the postthoracic shield is triangular, more than half

as long as broad, extending laterally over about one-half of the body. The first six ab-

dominal segments are uniform in size at the mai-gin of the body where they occupy nearly

one-half of the abdomen, but mesially are crowded down less and less strongly in pass-

ing backward, the last showing it more in being narrowed centrally than in any other

way. The last three segments are equal in length though constjjntly decreasing in

width, and the extremity of the body is marked by a circular impression. The lateral

furrows of the abdomen extend fi'om the third segment backward, being sharp on the

narrower, deeply impressed but carrying the surface with it on the broader, segments, so

as to leave the outer narrower portion arched. There is besides a faint ridge down
the middle of either lateral half of the abdomen across all the segments, but fiiding out

toward the hinder extremity.

Besides the body, however, there are several fragments of legs and palpi, the surface

of all of which is heavily punctate. The palpi are the most perfect, nearly or quite the

whole of one and half of the other being present; they ai-e attached at the extreme front

of the head and extend backward and outward on either side; they consist ofseven joints,

the fii-st two small, qundrate, subequal, together reaching to the division line between

the first and second pair of pedigerous segments, each a little longer than broad. The

'NotUinsr of this sorL occurs in the English Architarhus tolerably clear tliat the dorsal surface of Geraphrynus is

s?(fc(/t!a?c Woodw., and it -would appear prol)al)le that a exposed, Woodward's specimen proljably shows a veutral

different surface of the botly was exposed ; and as it seems asjiect.
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next three segments are larger and longer, subequal, bnt each a little longer than the

IDreceding, snbmoniliform, being largest apically, the angles rather sqnare; the sixth joint

is as long as the fifth but slenderer and equal, while the seventh is a mere rapidly taper-

ing bluntly pointed cap to the sixth. The surface of all bnt the last three joints is flat

or equally rounded, Avhile these terminal joints have a common median ridge of consid-

erable strength. As preserved, there is next the anterior margin a very deep rounded

groove occupying nearly half the width of the joint; the opposite margin has also a pro-

nounced but narrow groove and between them is a high rounded ridge, narrower than the

first mentioned groove, terminating in the middle of the last joint where the lateral

grooves join; they are slender. From the single fragment of one of the anterior pairs

of legs that remains, apparently of the fifth joint, these were scarcely stouter; but the

hinder pairs are twice as stout, and very heavily punctate; of the third ])air the first

four joints ai-e preserved in whole or in part upon either side. The first joint is too oli-

scure for description ; it can only be said to have been small, and probably of the same

size and pei-haps of the same form as the second which is quadrate (it is only seen pei--

fectly upon one side), about twice as long as broad; the third joint is of similar form but

longer and perhaps slightly broader at its distal than its basal extremity; it is half as long

again as the preceding joint, and is followed by a fourth joint exactly like itself; all the

joints of this leg, with the possible exception of the basal, are heavily ridged as in the

front legs but not so conspicuously. Of the fourth pair of legs only what are perhaps the

third and fourth joints remain (and not completely) ; if they are these joints they agree

altogether with those of the third pair of legs. The distinction in size between the base

and apex of the joints of all the legs has been exaggerated by the artist.

Length of the body, 19 mm.; breadth of same, 9.5 mm.; length of median furrow, 6

mm. ; last three abdominal segments, 6 mm.
;
palpi, 11 mm. ; breadth of same, 5 mm. ; length

of third joints of third pair of legs, 2.5 mm.; breadth of same, 1 mm.
This description was originally drawn up from a single specimen from Mazon Creek,

submitted to me by Mr. R. D. Lacoe under the number ITOlab. Since it was wi'itten,

the same gentleman has sent me four more specimens from the same locality all of which

are believed to belong here, although they range in size from 16.5 mm. to 21 mm. in

length and from 8 mm. to 11 mm. in breadth. In one of them, No. ITOlcd (fig. 1),

the legs are unusually well preserved, one in particular, apparently the third pair, being

nearly complete, showing nearly the whole of five joints, the terminal being simply point-

ed, and their size, counting from the tip, being as follows: first or terminal joint, length,

1.85 mm., breadth at base, 1 mm.; second, length, 2.2 mm., breadth at base, 1.5 mm.; third,

length, 2.2 mm., breadth at base, 2 mm. ; fourth, length, 2.1 mm., breadth at base, 2.1

mm. ; fifth, length, 2 mm. The fourth pair of legs is slightly longer.

GeKATARBUS gen. nOV. (j-7,paq, TdplSo<;)

Cephalothorax suborbicular, the front rounded or very broadly angulate, about half

as large as the abdomen, or a little more than that, but either distinctly narrower than

the abdomen or separated from it by a marked lateral constriction. Coxae radiating from

a short median line, which apparently lies at the bottom of a shallow central pit. Legs
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stout and tolerabl}^ long. Abdomen oval, considei-ably consti'icted at the base, com-

posed of nine segments, of which five of the basal ones are very narrow, at least on the

under surface, but transverse and not angulate, the remainder longer and subequal or

lengthening posteriorly.

This genus is so far known only from America by two very distinct species, both de-

sci'ibed below. It is possibly nearly related to Eotarbus KuSta from the Bohemian coal.

Geratarbus lacoei sp. nov.

PI. 40, fig. 11.
'

The ccphalothorax is neai'ly orbicular and the wedge-shaped pcdigerous segments

subequal; the posterior border shows a weak, broad, and rounded emargination. Only

the very base of the first pair of legs can be seen; of the others on one side or the other

three or four joints each; in the two middle pairs the first three joints are subequal,

about half as long again as broad, flattened and a little arcuate, the anterior edge

produced at tip and base, so as to form by the union of the adjacent joints a decided den-

tifoi-m spine directed forward and outward, and more distinct on the second than on the

third pair of legs, both of which curve forward; the last pair of legs is directed backward

and is differently constructed, having no such compound tooth, though both outer and

inner apices are slightly produced and rounded; the first joint is scarcely longer than

broad, the second and thii'd subequal and nearly twice as long as broad, all of similar

breadth to those of the other legs.

The abdomen broadens rapidly from its base over the two basal segments until it is

nearly a third broader than the thorax, then tapers, at first gently, afterwards rapidly,

with a well rounded extremity, the whole only a little longer than the greatest breadth

;

all the joints are transverse, the first five very short, the sixth twice as long, the eighth

three times as long, the seventh midway in length between these, and the last nearly

equal in length to the preceding two. The lateral sulcus is distinct but not deep, sep-

arating a very narrow side piece from the main body of the abdomen.

The whole body is rather finely and uniformly punctate, the legs much more coarsely

and distinctly.

Length of body, 11 mm. ; ccphalothorax, 4.8 mm.; abdomen, 6.2 mm.; breadth of thorax

4 mm.; abdomen, 6 mm.; length of second joint of second pair of legs, 1.3 mm.; of third

pair, 1.5 mm.; of fourth pair, 1.8 mm.; breadth of last, 1.2 mm.
Mazon Creek, 111. Mr. E. D. Lacoe, ISTo. 1765ab.

Geratarbus scabrum sp. nov.

PI. 39, fig. 5.

Ccphalothorax apparently orbicular but for its truncate hinder extremity, but in the

specimen turned a little so that the median line is thrown (as seen in the figure) to the

left. The upper surface appears to be exposed so that the form of the subordinate parts

can scarcely be seen. Fragments of the legs are preserved, showing parts of cvcn-y pair

but the first; all are flattened; the basal joints of the second and third pairs are more
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than half as long again as broad and the three succeeding joints of the same are about

two and a half times as long as broad, eaclamore than half as long as the cej)halothorax;

the second joint a little the broadest, the others tapering slightly; the joints of the fourth

pair ai'e not very ditFei'ent.

The abdomen is shajaed ver}^ much as in the last species but more smoothly rounded,

much more elongated, being nearly twice as long as, and at its greatest only slightly

broader than, the cephalothorax; the lateral sulcus, only distinguishable in jilaces, is sim-

ilarly close to the margin.

The whole body is coarsely, deeply and uniformly punctate, and the surface between

the jjunctures apparently minutely and faintly punctulate, giving a scabrous appeai-ance

to the whole; the same is true of the legs though the puncta would appear to be a little

shallower.

Length of body, 15 mm. ; cephalothorax, 5.25 mm.; abdomen, 9.75 mm.; breadth of

cephalothorax, 5.25 mm. ; abdomen, 6.25 mm. ; length of second joint of third pair of legs,

3 mm.
Mazon Creek, 111. Mr. R. D. Lacoe, No. 1766ab.

Architarbus Scudder.

Architarhus Scudd., Geol. Surv. 111., iit, 568 (1868)

.

Cephalothorax orbicular, broadly rounded in front, much smaller than the abdomen,

but not sej^arated from it by a marked lateral constriction. Coxae radiating from a cen-

tral pit. Abdomen oval, composed of nine segments, of which those on the basal half

are very much shorter than the others, and on the dorsal surface are forced still more
closely together by the lai'ge j^ostthoracic plate.

Species of this genus are found in the coal measures of Silesia, Great Britain, and Illi-

nois. In addition to the one long known from the last locality, another is described

below.

Architarbus rotundatum.

ArcJutm-hus rotundatus Scudd., Geol. Surv., 111., in, 568, fig. 4 (1868).

I have nothing to add concerning this species. It comes from Mazon Creek, 111.

Architarbus elongatum sp. nov.

PI. 40, lig. 4.

This species is i-emarkable for the great elongation of the abdomen Avhich hardly ta-

pers apically; it is twice as long as the cephalothorax and of equal breadth on the basal

half, the last segment nearly as long as broad. On one face of the opened stone there

appear to be only five abdominal segments, but on the opposite face, while the three

apical segments remain the same, the basal portion is broken by very pronounced I'idges

and furrows into five short segments, together not half the length of the remainder of

the abdomen. Only the merest fragments of the base of the legs are preserved. The
MEMOIRS BOSTON SOC. NAT. HIST., VOL. IV. 60
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eeplialothorax shows a shallow, profuse, moderately coarse punctuation; the abdomen a

transverse, fine, but irregular corrugation in which the furrows seem occasionally to be

deepened by punctures.

Length, 14.75 mm. (eeplialothorax, 5 mm.; abdomen, 9.75 mm.); breadth, 5.25 mm.
Braidwood, III., from the same horizon as the Mazon Creek beds at Morris. Mr. R.

D. Lacoe, No. 1702ab.-

KuSTARACHNE (Kusta, nom. propr., "pa/^v) gen. nov.

Proposed for a genus of carboniferous arachnids presumed to belong to the Anthra-

comarti and the family Architarboidae. The eeplialothorax is orbicular, more or less

embracing at its base the regularly ovate abdomen, l)ut not so as to prevent a decided

constriction between the two laterally. In the single specimen yet known, the elements

are too uncertain to distinguish it in this j^art from the other genera. The legs which

seem to have a stout basis are long and exceedingly slender. The palpi have the same

slenderness but only the base is preserved. The abdomen proper is considerably larger

than the cephalothorax, divided into seven segments, of which the first four are equal

and longer than the last three, which are followed by a protuberant 2)ygidium composed

oftwo subsegments. It is possible that this was followed by a jointed seta; if so it could

hardly fall in this place, but among the Pedipalpi Avhere it would differ strikingly from

the known foi-ms. The irregular divisions of the abdomen do not disturb the I'Cgular

curve of the sides.

Named in honor of Professor Johann Kusta of Eakoiiitz who has so greatly enlarged

our knowledge of carboniferous Arachnida by his stutly of the coal-fauna of Bohemia.

Kustarachne tenuipes sp. nov.

PI. 40, fig. 7.

The exact limits of the cephalothorax in the only specimen are rather obscure but so

far as can be seen this region is orbicular with a slightly greater breadth posteriorly.

The radiation of the coxae from the central pit is a little obscure, but unquestionable,

and the pit opens posteriorly with flaring sides. The legs are excessively slender, long,

straight, and almost thread-like, and the palpi have at base the same form, two short and

slender joints of one being visible. The abdomen is very regularly oval, the broader

basal extremity being sessile but having its basal suture well defined and the latei'al ex-

cision at their boundaries distinct; the last three segments of the abdomen jiroper, which

are equal, are about half as long as the four equal, basal segments; the terminal subseg-

ments interfere with the regularity of the foi-m of the abdomen, extending beyond the

oval; the first is of the same length as the terminal segment, but only half its breadth

and semilunar in form; at either side of its base a possible globular appendage appears to

be present; the last segment is as long as the penultimate but much slenderer, being fully

half as long again as broad; and there arc some indications on the stone (which may be

fortuitous) that it was followed by a slender seta; the surface of the abdomen is faintly

and shallowly punctate. A straight belt of lighter color than the sides and as wide as the
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terminal snbsegmcnt riiii.s down the middle of the abdomen, but thei-e is no sign of any

lateral suleation as in neighboring genera. I have left in the figure the knob-like ap-

pendages mentioned above at the outer base of the apical sul)segments of the abdomen,

drawn by the artist, but I believe them to be purely accidental and perhaps wholly foreign

to the creature as they ai'e really distinctly pi'esent only on one side as a mere depi'es-

sion.

Length of body, 11.5 mm. ; width of cephalothorax, 4.5 mm. ; length of abdomen, not in-

cluding terminal segments, 7 mm.; its width, 4.75 mm.; width of terminal subsegment,

1.25 mm.; length of legs (imperfect) beyond body, 13 mm.; their width, 0.3-0.5 mm.
Mazon Creek, 111. Mr. K. D. Lacoe, No. 1756 ab.

Anthracomaetus Karsch.

Antliracomartus Karsch, Zeitschr. deutsch. geol. Gesellsch., 1882, 560 (1882).

Cephalothorax quadrate, the front square, or scarcely convex, about half the size of

the abdomen; the coxae laterally affixed, radiating from a broad triangular sternal plate,

the base of which forms the posterior margin. Sides of the body showing a distinct

though slight constriction between the cephalothoi-ax and the abdomen by the more con-

vex sides of the latter. Abdomen orbicular, a little longer than broad, composed of seven

segments of similar length.

This is apparently the most abundant type of Arachnida in the carboniferous foinna-

tion. Knsta has found four oi- five species in Bohemia alone, one is found in Silesia, an-

other in Belgium, and at least two in our own coal. These last are described below.

Anthracomartus trilobitus.

PL 39, figs.7-10.

Anthracomartus trilohitus Scudd., Proc. Amer. Acad. Arts Sc, xx, 17 (1884) ; Comp-
tes rend. soc. ent. Belg., (3) No. 62, p. 85, fig. (1885).

Although more than half a dozen specimens of this sjjecies have been obtained, the ab-

domen is the only part that has been secui-ed in a complete condition, the cephalothorax

being incomplete if present, and the appendages in no case present. It offers, however,

sti'iking differences from the other species known. The cephalothorax was hexagonal in

outline, the front and hind margins forming the longest and subequal sides, and the lateral

margins being roundly angulated behind the middle, the hinder lateral margins formed

the shortest sides of the hexagon; the front is nearly straight, slightly convex, and a lit-

tle longer than the straight or even slightly concave hind margin; the surface is near-

ly flat but slightly domed, with the transversely ridged hinder margin separated from

the main mass by a straight transverse furrow. The abdomen is very broad and well

rounded, excepting in front where the extremely broad base is almost straight, gen-

tly convex, and on each side extends far beyond the cephalothorax, being even here,

where the abdomen is narrowest, wider than the widest part of the cephalothorax;

and as the hinder poi-tion of the cephalothoi-ax rapidly narrows backward, an unus-

luvlly deep excision separates it from the abdomen. The outer angles of the base of
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the abdomen are clistinct and not voundcd, and the first course of the Uiteral slope as the

abdomen enlarj^es is in exact continuation of the direction of the anterior half of the sides

of the ccphalothorax; tlie abdomen widens to beyond its middle, so as to be half as broad

again as the cephalothorax, and then narrows, the outline of its apical half being an al-

most exact semicircle with the central point of the abdomen (near the middle of the fifth

segment) for its centre. A scalariform incised line runs on either side obliquely in-

ward from opposite the outer limits of the cephalothorax to either side of and in close

proximity to the large circular or more often transversely oval anus, dividing the body

into three subequal longitudinal thirds and giving it a trilobitic aspect, which is more

pronounced from the fact that the central region is nearly flat or only slightly domed,

while the sides fall oif as far as the again flat, lateral flanges; these are separated about

as distinctly from the rest of the body by an incised line subparallel to the margin and

dividing the lateral lobes as a whole into nearly equal halves, extending also across the

middle of the seventh segment and dividing it just beyond the anus into an anterior and

postei'ior half.

The entire surface of both cephalothorax and abdomen is delicately, uniformly, and

rather sparsely granulate. In the original description it was described as punctate, but

this is apparently a mistake, the surface being punctate only in casts, though it is diffi-

cult in the flattened condition of all the specimens to speak confidently.

Length of cei)halothorax, .5.25 mm.; its greatest width, (5.75-7.5 mm.; width at poste-

rior extremity, 1.5-5.5 mm.; length of abdomen, 8-12.5; width at base, 5.75-8.25 mm.; at

widest point, 8-12.5 mm.
The specimens were found on a dark gray carbonaceous shale associated with fei-ns,

in the subconglomerate coal measiu'es six miles northeast of Fayetteville, Ark., by Prof.

F. L. Harvey of Fayetteville. Some of the specimens are in Mr. R. D. Lacoe's collec-

tion under the number 1753.

Anthracomartus pustulatus.

PI. 40, figs. 5, 8.

A.nthracoma7'tus p'iistulatus Scudd., Pi'oc. Amer. Acad. Arts Sc, xx, 18 (1884).

The stone on which the single known specimen occiu-s is broken just at the front edge

of the cej^halothorax, as is shown by the course of the front pairs of legs and of the pal-

pi in the face of the broken wall (fig. 5). If this break has not interfered, as looks pos-

sible, with a projecting front, the cephalothorax was squarely ti'uncated in front and was

of a quadrate form, narrowei-, however, in fi-ont than behind and with tolerably straight

sides, the hind margin straight or a little concave. The surface of the cejjhalothorax is

however the most remarkable thing about it, the sides being strongly elevated, and the

middle third deeply sunken in a longitudinal furrow rapidly widening posteriorly, from

the bottom of which a sharp median ridge arises with abrupt sides, gradually increasing

in elevation and thickness from the middle of the front half where it arises, to the middle

of the hinder half where it abruptly terminates, but nowhere rising to half the height of

the sides. The abdomen on the contrai-y is strongly arched, the central field somewhat
flattened and separated from the lateral by distinct carinae. The outline of the abdomen,
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though nowhere seen on the stone, appears to be regularly obovate, bi'oadest at or before

the middle and much broader than the cephalothorax, with which it ai)pearsto be united

thi'oughout the base, the sides of the body showing little excision at their junction. The
abdominal segments are equal in length. The entii-e surface of both cephalothorax and

abdomen is closely covered with very irregularly polygonal, or rounded subovate, sunken

cells of varying size, but generally tolerably large, the largest foiiuing pyriform cells

lining internally the abdominal carinae, one to each segment, the broadest end anterior.

The legs are moderately stout, very long, thickened at the joints, the fourth pair appar-

ently the longest, the first pair comparatively small ; the palpi, as far as they can be

seen, aj^parently similar to the front legs but still smaller.

Length of body, 15 mm.; cei)halothorax, 6 mm.; abdomen, 9 mm.; width of cephalo-

thorax iu front, 4 mm., behind, 7 mm.; abdomen, 8 mm.; length of first two joints of first

pair of legs, 4.5 mm.; of third pair, 5 mm.; of fourth pair, 5 mm.; first four joints of third

pair of legs, 12 mm.; of fourth paii', 13.5 mm.; lengthof second joint of first pair of legs,

3 mm.; of same (?) joint of palpi, 1.75 mm.
Mazon Creek, 111. Collection of Mr. K. D. Lacoe, No. 1752.

Order PEDIPALPI Latreille.

Family Geealinukidae Scudder.

Cephalothorax divided into two masses: the hinder much the smaller, short and trans-

verse, and cai-rying only the hindmost legs; the front portion large, tapering anteriorly,

and. furnished with long and slender cheliceres. Abdomen subfusiform. While most

nearly related to the Thely|>honidae, this family, by the division of the cephalothorax,

shows some affinity to the Nyctalopidae. Two genera have been found belonging here.

Graeophonus gen. nov. (rf"''"', ^^-iv"?).

Cephalothorax remai-kably short and stout, rounded quadrate (especially rounded in

front, nearly quadratiform behind, the sides neai-ly straight, the hinder margin gently

convex), divided into radiating pedigerous segments. Palpi very stout, chelate at tip.

First pair of legs like the others in all general I'espects, very stout, flattened and taper-

ing, of no great length. Abdomen ovate, largest iu the middle, rather narrowly attached

at base, composed of twelve similar segments, excepting that the last three rapidly nar-

row and are considerably shortei- than the others, but the posterior curve of the alidomen

is not interrupted to foi-m a j^ost-abdomen as in other Pedipalpi. Whether an articulated

seta follows the last joint cannot be told from the specimen preserved; a pair of distant,

distinct, and divergent furrows are seen on the first and second abdominal segments of

a cast of one specimen, reaching halfway across the second segment, and occupying the

place which the "combs" of modern scorpions occupy.

This genus pretty plainly falls into the Pedipalpi on account of the stout chelate palpi

and the number of abdominal joints; but the absence of a post-abdomen, perhaps also of

a seta, the tuiditferentiated character of the first pair of legs and the radiated arrange-
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ments of the pedigcroiis segments of the cejihalotliorax sepai-ate it widely from all knoAvn

Pedi|)alpi ancient or modern. In the characteristics of the body proper it approaches

decidedly the contemporaneons Anthi'acomaili.

Graeophonus carbonarius.

PI. 40, ligs. 2, 3, G.

Lihdlida carhonarla Scudd., Can. nat., (2), viii, 88-89, fig. 1 (187G).

Cephalothorax (fig. 3) quadratiform posteriorly, the hinder angles scarcely rounded,

the hinder mai-giu gently convex, and the sides straight; anteriorly the front is regu-

larly and rather strongly convex, the whole cephalothorax being ueai-ly half as broad

again as long; on the posterior half is a sharp and deep median snlcation which increases

in depth posteriorly and at the posterior limit ends in a circular pit which a])pears to in-

volve also a part of the first al)dominal segment. Tiie whole surface is minutely and

delicately punctate, as is also that of the legs and palpi. What are apparently the third

joints of the legs are disproportionately long and tajiering. The abdomen is regularly

obovate, nearly twice as long as broad, the first to the fifth joints longer and equal, the

sixth to the ninth slightly shorter and subequal, the tenth to the twelfth scarcely more

than half as long as those directly preceding. The surface of the abdomen is punctate

as the rest of the body.

Length of whole body, 15.5 mm.; cephalothorax, 5 mm.; abdomen, 10.5 mm.; breadth

of cephalothorax. 7 mm.; abdomen, 7 mm.; length of palpi, 6 mm.; Ijreadth of palpi, l.G

mm.; longest fragment of legs (second pair), 12 mm.; apparent length of third joint of

this pair of legs, 7.5 mm.; its breadth at base, 1.75 mm.; at tip, 1 mm.
Mazon Creek, 111. Collection of Mr. R. D. Lacoe, No. 1762.

The above description was drawn up from the specimen above mentioned before it

was recognized as the same species as that described by me many years ago from an ab-

domen alone, under the name of Lihellula carhonaria, presuming it to be a larva. A
direct comparison of the two, for the opportunity for which I am indebted to the kind-

ness of Sir Wm. Dawson, leaves little doubt on this point. IS^o marks of divergent fur-

roAVS or ridges can be seen on the basal segments, however (figs. 2, 6 ), and it further

differs from the above in that the posterior border of the eighth segment is broadly,

roundly, and rather deeply excised. In addition one may see large, faint, shallow de-

pressions on either side of each of the larger segments, at equal distances from either

border and the lateral ridge, which look as if in the position of stigmata. Finally there

is a mesial, apical, small, triangular depression on the last segment as if the cast of a

basal fragment of a seta, and which formerly led me to think the segment bilobed.

The specimen is 14 mm. long and 8.25 mm. broad, though apparently it is crushed

out of shape a little, and should be considei'ed 7.2 mm. broad.

The specimen comes from Cape Breton and is now in the museum of McGill College,

Montreal.

Geraltn'ura Scudder.

Geralmura Scudd., Proc. Amcr. Acad. Arts Sc, xx, 19 (1884).

Cephalothorax ovate, the front rounded, narrower than the squarely truncate posterior
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margin, the sides well rounded, the whole not more than half as large as the abdomen,
which is cylindrical, perhaps depressed, and composed of nine principal joints, of which
the first thi-ee are a little shorter than the others, followed by a post-abdomen of three

much contracted joints, and this by the jointed thread peculiar to the family, and Avhich

is as long as the al)domen. A pair of eyes oa the front of the cephalothorax. Palpi large,

robust, composed of three similar joints, spinous within, and the apical coarsely chelate.

First pair of legs thread-like, no stouter than the tail, and longer than it; second and
third pairs of legs moderately slender, eqnal, the last pair similar but considerably longer,

supported by a transverse independent joint between the cephalothorax and abdomen.

This genus, fli'st described in Jnne, 1884, was brought to the attention of the Ameri-
can Academy only nine days before another species of the same genus was desci'ibed by
KuSta to the Bohemian Academy; a fact the more striking since up to that time no

Pedipalpi had ever been found fossil even in tertiary or secondary rocks, unless credit

be given to Sei-res' mention of a species in the tertiary marnes of Aix. Ivusta has since

described several species from the Bohemian coal.

Geralinura carbonaria.

PI. 39, figs. 1, 3, 4.

Geralinura carhonaria Scudd., Proc. Amer. Acad. Arts Sc, xx, 19-20 (1884).

Cephalothorax broadest in the middle, but tapering more i-apidly in front than poste-

riorly, the front triangularly produced but the extreme tip rounded; apparently a pair of

globular eyes are situated in front as in G. hohemica, but larger, notwithstanding that

they are seated on a much narrower spot. The front pair of legs are of the same size as

the tail ; the second pair have the femur hardly half so stout as that of the hind pair, which
is nearly as broad as one of the middle abdominal joints, that of the middle pair ap-

proaching the former rather than the latter. The abdomen is regulai'ly obovate, twice

as long as the thorax even excluding the post-abdomen, and half as broad again as that.

The post-abdomen composed first of two joints, together half as long as broad and one-

third as broad as the abdomen, next of a single quadrate joint, followed by the thread

which is about one-fourth or one-fifth as broad as the tip of the post-abdomen, and about

as long as the body, composed of numerous joints, as far as can be seen about twice as

long as broad. In one of the two specimens found, the body is piceous fi-om carbona-

ceous matter, but interi-upted at the abdominal interstices and traversed irregularly by
broken, longitudinal, slenderer interruptions of the color of the stone.

Length of body to base of tail (a), 16 mm.; (b), 13 mm.; of tail (a, broken), 4 mm.,

(&, probably perfect), 12 mm.; of cephalothorax («),4 mm.; postthoracic plate («), 0.75

mm.; abdomen (a), 8.5 mm.; postabdomen (a), 2.5 mm.; breadth of cephalothorax (a),

2.6 mm.; postthoracic plate (a), 1.75 mm.; abdomen (a), 4.5 mm.; postabdomen («), 1.4

mm. ; thread (a) , 0.25 mm. ; breadth of first pair of legs («) , 0.25 mm. ; second paii" (a) , 0.5

mm. ; third pair (a), 0.75 mm. ; fourth pair (a),l nun.; length offemora ofthird pair (a), 3.5

mm.; of fourth pair (o), 5 nun.

Mazon Creek, 111. Mr. R. D. Lacoe, two specimens, Nos. 1754a-d.

The species diffei-s considerably from G. hohemica Kusta sp., first in its much smaller

size, then in its much more pointed and ovate cephalothorax. It would appear indeed
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as if Kiista had more than one species befoi-e liim, as his figures i and iv differ remark-

ably, fig. I liaving a cephalotliorax scarcely half so long in proportion to its breadth as

fig. IV, and its abdomen is strongly constricted at the base, while in fig. iv the latter only

tapers gently in front. Our own species has the abdomen much broader and larger than

the cephalothorax, and tapers in front considerably bnt not so rapidly as in Kusta's fig.

IV. More recently Kusta has described other species, but they seem no nearer ours.

EXPLANATION OF PLATES.

Platk 39.

Figs. 1 ami 3 are by J. Henry Blake; flgs. 2, 5-8, 10 by Mrs. Katheriue Peirson Ramsay; figs. 4 and 9 by J. H. Emsrton.

Geralinura carbonaria ^.

I'oliiicherci punctulata f

.

Geralinura carbonaria J.

The same ^.

Oeratarbus scabrtim |.

Puliochera punctulata \'^; a fragment from the middle of the abdomen to sho%y surface structure.

Anthracomartus trilobilus f

.

The same f

.

7 he same ^.

The same f.

Plate 40.

Figs. 1, 3, 4, 7, 12 are by J. H. Emerton; figs. 2 and 6 by S. H. Scudder; figs. 5, 8, 11, by Mrs. Katherine Peirson Earn-

say ; and figs. 9 and 10 by J. S. Kingsley.

Geraplirynus carbonarius f.

Graeophonus carbonarius f.

The same f

.

Architarhus elongatum -f.

Anthracomartus pustidalus f ; front view.
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XII. The Insects of the Triassic Beds at Fairplay, Coloeado.

By Samuel H. Scudder,

Read May 7, 1890.

-HiARLY in 1882, Mr. Arthur Lakes, professor in the Colorado School of Mines, discov-

ered a bed of plants and insects near Fairplay, Colorado, in rocks much older than any

that had before yielded insect remains west of the Great Plains ; the two or three speci-

mens he sent me were sufficient to pi'ompt a more thorough exploration of the locality,

which T was able to make the following summer, resulting in the discovery of a fauna

and a flora of considerable interest.

The plants have beeu studied by Mr. Lesquereux,^ who pronounces the species, some

thirty in number, bvit in a very fragmentary condition, to belong to permiau types, and

declares the evidence to be decisive on this point.

The animal remains consist almost exclusively of insects, and are two-thirds as abun-

dant in species as the plants, an exceptionally large ratio in beds where both occur. These

insects form an assemblage wholly diflferent from anything before known, and, in con-

tradiction to what Mr. Lesquereux says of the plants, clearly belong to types of a more

modern character than any the paleozoic series has yet disclosed. It is not often that

one may speak so positively in the discussion of fossil insects, especially when not a sin-

gle one of the species and only the smaller portion of the genera found have been pre-

viously known. But in this case all but two or tlu'ee of the specimens obtained (some

eighty in number) belong to a group which of all paleozoic insects has received the most

attention, namely, the cockroaches. This great preponderance of cockroaches, and the

fact that the known genera found in this collection have hitherto been discovered only in

carboniferous and permian rocks, would lead us at first to refer the beds in which they

occur to one of the paleozoic series ; but the presence of the other foi'ms, and even the

characteristics of those which are referable to carboniferous and permian genera, unmis-

takably point to a later horizon.

As has been repeatedly pointed out by me, paleozoic cockroaches arc distinguished

'On some specimeus of permian fossil plauts from Colorado. Bull. Mils. Comp. Zool., vii, 243.

UEMOIIiS BOSTON SOC. NAT. UlST., VOL. IV. 01 C457)
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from living types by the complete interdopondence of two of the veins of the fore wing,

and by the fact that the anal veins of the same wing impinge successively uj^on the in-

ner margin and do not either fall ujion the anal fin-row or become clustered together at

the outer point of the anal area; and I have accordingly grouped them under the name
Palaeoblattariae to distinguish them from their descendants the Blattariae proper. Now
as not only all the living cockroaches belong to the Blattariae proper, but the same is

true of all mesozoic cockroaches later than the trias/ it becomes a matter of special inter-

est to inquire into the position of these Fairplay cockroaches, which number eighteen spe-

cies.

Eleven of the species and five of the seven genera belong to the Palaeoblattariae.

These five genera are Etoblattina (2si).), Spiloblattina (4 sp.), Anthraeoblattina (1 sj).),

Petrablattina (2 sp.), and Poroblattina (2 sp.). Only five of the species belong to gen-

era previotisly known, Spiloblattina and Poroblattina having been established upon and

still being known only by the Fairplay fossils. But the difference is moi'e marked than

this; for at least one of the species referred to Etoblattina is an aberrant form with an

excessively long internomedian vein; and both the species of Petrablattina agree in dif-

fering from those heretofore known to a very considerable degree. Of the new genera,

Spiloblattina is very peculiar in the strongly divergent and then convergent curve of the

externomedian and internomedian veins around a large stigma near the middle of the

wing, iniknown in any other cockroach, ancient or modern, so far as I know; but other-

wise it is related to Etoblattina; while Poroblattina is more nearly related to Petrablat-

tina, and especially to the two new species of that genus from this locality.

The average size of these Fairplay Palaeoblattariae is much less than that of the pa-

leozoic Palaeoblattariae in general. The average length of the front wings of the

paleozoic species is 26 mm.; that of these Fairplay Palaeoblattariae, 16 mm. This fact

has its value, for the Jurassic species are nearly all of very small size, and the wing-

length of the remaining species from Fairplay (i. e., those which do not belong to the Pa-

laeoblattai'iae) is less than 8.5 mm., ranging from 6.5-11.5 mm. This agrees completely

with the size of mesozoic species already known. The average of all the Fairplay cock-

roaches is less than 13.5 mm.
As to the seven cockroaches from Fairplay which belong to the Blattariae, the char-

acteristics of their venation as well as their small size show them to be closely allied to

jvirassic forms, although the two genera to which they belong are peculiar so far as yet

known to Fairplay. One of them is distinctly allied to Rithma, as defined by me in my
memoir on mesozoic cockroaches (loc. citJ), while all the species have a decided mesozoic

aspect and would at once be considered liassic or at least Jurassic by any one at all fa-

miliar with the forms already known from these deposits. They have on the other hand

an entirely different aspect from any and all paleozoic forms, and present no points of

close comparison with any Palaeoblattariae excepting some of those mentioned above

from the same Fairplay beds, notably with the genus mentioned under the name of Poro-

blattina, which one of the genera not a little resembles. The manner in which the change

of the venation was brought about has been stated by me in my memoir on mesozoic

cocki'oaches.

' See Mem. Bost. Soc. Nat. Hist., iii, 439 seq.
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The few insects other than cockroaches emphasize the mesozoic aspect of the rest of

the fauna.

"We have then at Fairphiy an assemblage of forms altogether different from anything

hitherto found in the paleozoic series on the one hand, or in the Jurassic beds on the other.

They show a commingling of strictly Jurassic forms with a larger proportion of types

which may be called upper carboniferous or licrmian with a distinct Jurassic leaning.

There is therefore a strong probability that the beds in which they occur belong to the

intermediate formation, the triassic.

If this should be proved, Mr. Lake's discovery will have an added interest, from the

fact that almost nothing is known either of the plants or of the insects of this formation.

Of the plants, it is only necessary to point out that in the paucity of data, the upper pa-

leozoic aspect of the few vegetable remains from Fairplay can have but a negative value

beside the positive proof of the alliance of the insects to mesozoic forms. Of triassic in-

sects our Iniowledge is exceedingly meagre ; a single neuropterous larva from the Con-

necticut valley is all that the formation has hitherto yielded in this country. In Europe

we know of only four sjiecies, each, I believe, from a single specimen ; one of these is a

cockroach, but it is entirely different from any of the Fairplay species, and indeed from any

other known forms, so that we get no light from this quarter.

So far as I know this is the first attempt to determine the age of a deposit from its in-

sect remains alone, and it is unfortunate for its acceptance by natvu-alists that the plants

give it, to say the least, no support, but rather are deemed by one competent to judge, to

be decidedly adverse to what is here claimed.

The paleontological contradiction shown in the plants and animals of the Fairplay beds

is not unknown to American geology, as every one is aware, but I do not know that it

has been pointed out in this country at this horizon or in this direction, the discordance

appearing later in time, and the plants indicating a younger and not an earlier age than

the animals. An exactly pai-allel case appears to be shown in eastern Russia, for in dis-

cussing the poorer strata of Kargalinsk, which he refers to the permian, Twelvetrces

says, "as regards the flora [eleven species] the list has a paleozoic aspect, but a second-

ary one as respects the reptilians remains" [four species cited.] ^

All the specimens are in my own collection.

PALAEOBLATTARIAE Scudder.

Etoblattin-a Scudder.

Etoblattina persistens sp. nov.

PI. 41, fig. 7; pi. 42, figs. 10, 19.

The fore wing is a little less than two and a half times as long as broad with a mod-

erately convex costal margin and apparently a full and well rounded apex. The medi-

astinal vein extends somewhat beyond the middle of the wing and is provided with

'Quart. Jouru. Gcol. Soc. Loncl., xxx\in, 495.
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numerous oblique simple 1)i-anchcs. The scapular reaches nearly to the tip of the wing,

running in a nearly straight course, most distant from tlie costal margin in the middle of

the wing; it begins to branch just beyond the basal third of the wing, and sends to the

costal margin halfa dozen or less oblique branches, subparallel to the mediastinal branches,

but apically growing more longitudinal, any of which may, and the greater number do,

fork at less than halfway to the margin. The externomedian vein occupies the centre of

the wing, and with its branches feeds narrowly the apical margin, for it only forks three

times, usually simply, near the centre of the wing, beginning a trifle earlier than the

scapular vein, and the long branches are wholly longitudinal and closely crowded. The
internomcdian starts as if to terminate Avith a gentle ai'cuation before the middle of the

outer half of the wing, sending oft' half a dozen moderately distant, usually simple but

sometimes deeply forked, slightly sinuous, parallel, oblique branches ; but when it reaches

the middle of the wing, it throws off from its other side a couple of deeply forked or com-

pound, nearly straight, crowded, longitudinal branches, which extend the range of the

internomedian area almost to the very tip of the wing. The anal furrow is moderately

impressed, strongly arcuate or almost bent, and the anal veins sunple, moderately fre-

quent, also sti'ongly arcuate, and parallel.

To this species I refer with little doubt (if it belongs to any of the species here de-

scribed) a prothoracic shield, independently ]M'eserved in the same shales. It is pretty

strongly domed, rounded siibtriangular, more than a third as broad again as long, strongly

rounded in front, centrally subtruncate behind; the surface is smooth and the margins

entire, but the disk shows a little behind the middle a very faint subtriangular depres-

sion, one-fourth the size of the pronotum, the apex posterior.

Length of wing, 20 mm. ; breadth, 8.4 mm. ; length of pronotal shield, 7 mm. ; breadth,

9.75 mm.
Four fragments of wings were found, with a single pronotiun, 'Nos. 21 and 65, 22,

29 and 69, 6(3, 67 and 68. The species is clearly difierent from anything before described,

but in the apical reach of the internomedian area and the means of securing it, it resem-

bles the later carboniferous Etoblattinae.

Etoblattina sp.

PI. 42, fig. 20.

A second and smaller species of Etoblattina is indicated by the poorly preserved fore

wing and its reverse figured as above. Like the preceding, it is about two and a half

times longer than broad, with well arched costal margin, and the general course of the

veins shows that it is nearly allied to that species; the details of the neuration, however,

are very obscure. The mediastinal vein reaches the end of the middle third of the wing.

The scapular occupies about the same area as in the preceding species, and with very

similar, crowded, pretty longitudinal veins. The externomedian is more obscure. The
internomedian certainly difters in that the inferior branches are fewer, more longitudinal,

and far longer, but there is apparently, though this is uncertain, a somewhat similar api-

cal extension of this area, and apparently by a similar method. The anal furrow is ar-
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cuate, but more broadly than in E. persistens, and the anal veins sunilarly arcuate, longer,

and pei'haps less numerous.

Length of wing, 12 mm.; breadth, 5 mm.
A single specimen and its reverse, !Nos. 28 and 70.

Spiloblattina Scudder.

SjnloblafMna Scudd., Proc. Acad. Kit. Sc. Philad., 1885, 35-36.

This genus is allied to Etoblattiiia, but dillers from it and from all other genera of

Blattinariae in the divergence of the scapular and externomedian veins beyond the mid-

dle of the Aving, and then their rapid convergence beyond a more or less conspicuous

elongated spot (whence the generic name) which fills the space so produced; a similar

arrangement is seen even more conspicuously between the externomedian and interno-

median veins, where the spot is much larger and round.

This genus is only known from the Fairplay triassic, where four species occur. S.

gardineri may be considered the type.

TABLE OF THE SPECIES OF SPILOBLATTINA.

Scapular vein as far as its penultimate branch almost completely parallel to the costal margin, not receding from it

opposite the middle of the adjoining discal stigma.

Wings relatively slender, fully three times as long as broad.

Scapular faintly approaching the externomedian vein to enclose the stigma between them . 1. S. gardineri.

Scapular in no way approaching the externomedian vein to enclose the stigma between them 2. S. triassica.

Wings relatively broad, not over two and a half times longer than broad 3. S. guttata.

Scapular vein distinctly receding from the costal margin opposite the middle of the adjoining discal stigma

4. S. marginata.

1. Spiloblattina gardineri.

PI. 41, figs. 4, 6, 8, 10.

Spiloblattina gardineri Scudd., Proc. Acad. IS'at. Sc. Philad., 1885, 36.

This was the mo.st common species found at Fairplay, and a number of tolerably per-

fect fore wings well exhibit the characteristic discal stigma of the wings ; some hind

wings also occurred, and one somewhat crushed specimen with parts of all the wings

and some of the body. The foi-e wing is long and slender, more than three times as

long as broad, the costal margin very gently convex, the tip produced and attenuated

but rounded. The mediastinal vein terminates some way beyond the middle, approach-

ing the margin very gi'adually and emitting numerous parallel simple veins. The scap-

ular vein runs parallel to the costal mai'gin, slightly more removed from it in the ajDical

than in the proximal half, and terminates a little before the tip of the wing ; it first branches

a little before the middle of the wing, and has many offshoots usually forked, sometimes,

especially the first one, compound. The externomedian vein usually begins to bi'anch

beyond the middle of the wing opposite the distal end of the stigma between it and the

scapular vein, and its longitudinal, more or less forked branches, which are sometimes

superior, sometimes apical, fill the apex of the wing; to form the enlarged cell for the

larger stigma, the curve of the main externomedian vein is graceful and gradual. The
internomedian vein at first descends rapidly toward the margin as if to terminate near

the middle of the outer half, but shortly before reaching it, it bends outward with a sinu-
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ate curve embracing the discal stigma next it and terminates about as for out as the

scapular vein; its branches are almost always simple, g'ently arcuate, and more distant

than in other parts of the wing, except those that ai'ise nearest the somewhat sudden

and considerable turn in direction, where they are generally deeply forked. The anal

furrow is not pronounced, almost bent rather than arcuate, and terminates hardly be-

yond the basal third of the wing.

The whole wing is of a dark color, excepting for the two stigmas which are light or

diaphanous and for occasional light streaks in the broader spaces, particularly in the

neio-hborhood of the stigmas and on the costal side; besides, the whole wing, as also the

hind wing, is covered with a delicate scarcely perceptible mesh of fine lines.

The outer half or less of the hind wings is ]:)reserved in several instances, showing

that this wing was of about the same length as the fore wing but of a different shape,

having a straighter costa, a fuller hind margin, and a more pointed apex, which was far

above the middle line of the wing. The mediastinal area (fig. 4) was very narrow, and

subequal, terminating somewhat abruptly when it had extended over nearly five-sixths

of the wing, and had numerous very oblique branches. The scapular does not branch

before the distal third of the wing, and then reaches with a few longitudinal and mostly

simple veins to the tip. The externomedian area is narrowly fan-shaped, the first divar-

ication occurring near the middle of the wing and most of the forking of the longitudinal

branches near the middle of the apical half. The internomedian vein reaches a little

further out than the scapular, but the main vein is nearly straight, and the branches

mostly simple, and only gently arcuate and parallel, so as to be very different from the

fore wing.

The pronotal shield can be seen and then but obscurely only in a single instance. It

appears to be rather small and transversely obovate.

Length of fore wing, 17.5 mm.; breadth, 5.5 mm.
Eleven more or less perfect specimens were found by our party, the first and best

specimen (fig. 6) by my son. I have accordingly named the species for him.

2. Spiloblattina triassica.

PI. 41, flg. 1.

SpiloUattina triassica Scudd., Proc. Acad. Nat. Sc. Philad., 1885, 36.

Two incomplete fore wings arc preserved showing that the species is nearly allied to

the last; the veins are more delicate, however, and have other differences which will be

pointed out. Although only the costal margin is in any degree preserved, and tliis is

straighter than in 8. gardineri, the form of the wing appears to be essentially the same

and with the same proportions. The mediastinal vein and its branches are precisely as

in 8. gardineri. The scapular vein is also very similar, and its branches similarly ar-

ranged and forked, but they are a little more longitudinal and arise earlier, the first some

way before the middle of the Aving; the main vein is also exceptionally straight, showing,

as it passes the stigma between it and the externomedian vein, no disposition to curve

toward the latter. The externomedian vein is practically a repetition of the same vein

in ;S'. gardineri. The internomedian passes at rather a less distance from the preceding
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vein than in S. gardineri, producing a small stigma, bnt its further structure cannot be

told from either of the specimens, and the anal area is not preserved.

In this species the wing appears to be more slender than in the others, although the

exact proportions cannot be given from the imperfection of the specimens; all the

branches have a more longitudinal and less arcuate course, the externomedian and scap-

ular veins scarcely part from each other to give place to the stigma, and the divergence

of the former and the internomedian veins is also less conspicuous. The wing was prob-

ably about 15 mm. long, and 5 mm. l)road.

Two specimens obtained, Nos. 23, 59 and 60.

3. Spiloblattina guttata.

PI. 41, fig. 2; pi. 42, fig. 14.

SpiloUattina guttata Scudd., Proc. Acad. ISTat. Sc. Philad., 1885, 3G-37.

Although no perfect fore wing has been discovered, it was evidently stouter than in

the other species found and was perhaps not much more than twice as long as broad; the

costal margin is nearly straight in the middle. The mediastinal area is wider than in

the other species, terminating more abruptly, and is filled with less longitudinal branches

pretty closely crowded; it terminates directly opposite the scapular-externomedian

stigma, or a little earlier than in 8. gardineri. The scapular vein runs in a nearly

straight but slightly sinuous course at a considerable distance from the mediastinal ; its

branches, at first compound, afterwards deeply forked and then single, are five or six in

number, scarcely more longitudinal than the mediastinal branches, and it would appear

as if the last could not come very near the tip of the wing as it does in 8. gardineri; the

first vein is given off about opposite instead of far before the last branch of the medias-

tinal and after its second branch it begins gently to recede from the costal margin to

share in the embrace of the adjoining stigma. The externomedian vein first forks about

opposite the end of the mediastinal area, and sends four or more longitudinal mostly sim-

ple branches to the apical margin, the basal ai-cuation of the first branch serving for the

embrace of the smaller, the sinuous course of the main vein for that of the larger, stigma.

The internomedian vein has the same strongly sinuous course as in 8i. gardineri, and

the branches are arcuate, distant, parallel, and so far as can be seen, all simj:)le. Anal

area unkno^vn.

There is a single hind wing (fig. 11) which appears to belong here as it agrees closely

with the hind wing of 5*. gardineri except that a broader wing is indicated by the greater

width of both the mediastinal and scapular areas, and therefore more in accordance with

the pix'sent species.

This species differs from the others in the stoutness of the wing, which is proportionally

much shorter than any of the others; in keeping with this peculiarity is the greater width

of both the mediastinal and scapular areas, and the more rapid descent to the margin of

the termination of at least the former. In other respects the species completely resembles

S. gardineri.

The fore wing was apparently about 15 mm. long and 7 mm. broad; the length of the

fragment is 8.5 mm.
Two specimens, Nos. 19, 27.



464 SAMUEL II. SCUDDER ON THE

4. Spiloblattina marginata.

PI. 41, fig. 3.

SjnloUattina marginata Sciidcl., Proc. Acad. ]S"at. Sc. Philad., 1885, 37.

The single specimen (with its reverse) upon which this species is founded, shows the

larger and more impoilant parts of the wing, but preserves neither the inner margin nor

the tip, so that its form and proportions cannot be determined; it has, however, some

mai'ked peculiarities. The mediastinal area is relatively broad with very few, distant,

oblique, simple, and nearly straight branches to the main vein, and ends very gradually

after the manner of S. gardineri, but opposite the middle of the scapular-externomedian

stigma as in S. guttata. The relations of the scapular to the mediastinal vein are as in

S. gardineri, but instead of a nearly straight course opposite the stigma mentioned, it

actually curves so as to enci'oach upon the space allotted to the stigma, and the branches,

forked or simple, never compound, are distant and inequidistant; apparently the vein ter-

minates not f\ir above the tip of the wing. The externomedian vein is veiy sinuous and

its longitudinal branches, sometimes compound sometimes simple, are more crowded

than the others, and very inequidistant, the main vein itself almost colliding with the

scapular beyond the stigma. Nothing can be determined of the internomedian or anal

veins. The wing differs from the others in having its darker colors concentrated in a

narrow mai-gin to all the veins, the paler colors between them forming the real ground

color to the wing.

This species is remarkable for the paucity of its neuration, and for the fact that all the

veins and branches are margined with a slender dark edging. The scapular vein re-

cedes more than usually from the costal margin opposite the very slight median stigma,

and the externomedian vein is consequently more than usuall}^ curved to make place for

it. The probable length of the wing was 18 mm. The inner margin being lost, the

width can hardly be more than conjectured, but it was perhaps 7 mm.
One specimen, Nos. 26 and 58.

Antiiracoblattina Scudder.

Anthracoblattina thassica sp. nov.

ri. 41, fig. 9.

A single specimen and very fragmentary at that, with its reverse, is pretty plainl}^ ref-

erable to this genus, hitherto known only from the carboniferous rocks, but it differs so

much from all the known species, which are not many, that notwithstanding its imper-

fection I have ventured to name it. It was evidently a lai-ge fore wing, and presents a

fragment from the outer half of the apex; it is hardly probable that more than a quarter

of the wing appears, and onl}^ the mediastinal and scapular veins. The outer margin was

very straight; the apex broadly rounded and roundly angul ate externally. The medias-

tinal area wide at base reached to the distal sixth of the wing and had numerous simple

or forked, oblique, parallel branches. The scapular vein began to fork not far beyond

the middle of the wing, and itself straight and running to the tip of the wing, sent four

distant and subcquidistant branches to the margin, the last two simple, the first two com-
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pound, the branches being scarcely more longitudinal than the mediastinal but increas-

ingly so as the apex is gained.

The fragment, Nos. 24 and 64, is 13 mm. long and indicates a wing about 25-30 mm.
long, making it much the largest of the Fairplay cockroaches. The color is a uniform
dark brown.

Petkablattina Scudder.

This genus, established on forms discovered in carboniferous deposits, proves to be as

well developed in the triassic rocks as in the paleozoic series.

Petrablattina aequa.

PI. 42, fig. 13.

Petrahlattina aequa Scudd., Proc. Acad. Nat. Sc. Philad., 1885, 38.

Mediastinal vein terminating scarcely beyond the middle of the costal margin, with

numerous, closely crowded, simple branches ; scapular vein terminating above the tip of

the wing, and beyond the basal cui've nearly straight, with four or five singly forking

branches ; branches of externomedian vein straight, superior, mostly simple, parallel to

the main scapular vein; the internomedian area extending to some distance beyond the

middle of the wing. It is a tolerably large species, the wing measuring 24 mm. in length

and 10 mm. in breadth.

Four specimens were obtained, one however showing nothing but the anal area, Nos.

20, 61, 62, 63.

Petrablattina meieri.

PI. 42, fig. 17.

Petraljlattina meieri Scudd., Proc. Acad. ISTat. Sc. Philad., 1885, 38.

Mediastinal vein terminating a long way beyond the middle of the costal border, witli

comparatively distant, usually simple branches. Scapular vein terminating just below

the tip of the wing and beyond the basal curve, gently arcuate throughout, with bi-anches

similar to those ofP. aequa, but occupying a larger area. In consequence, the externo-

median area is of less importance than in P. aequa, and it has but few branches, which

appear to be generally simple, and slightly declivent, though superior. Unfortunately

this portion of the wing in the single specimen known is very obscure. The interno-

median vein is not preserved in its outer portion, but it evidently reached the border

nearer the base than the mediastinal vein, and the anal furrow is strongly curved. The
Aving is broken at the base, but its probable length was 19 mm., and its l)i-eadth, 7mni. It

is named after Mr. Kobert A. Meier, of Garo, Col., in whose shaft all these specimens

were obtained, and who afforded our party all possible assistance in working them.

A single sijecimen was secured, No. 25.

MEMOIUS BOSTON SOC. NAT. HIST., VOL. IV. 62
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POROBLATTIXA Sciidcler.

PoroUattina Sciidd., Proc. Acad. Nat. Sc. Philad., 1885, 38-39.

Allied to Petrablattina, and especially the species of that genus found in the same Tri-

assic rocks, differing from them principally in the insignificant part played by the me-

diastinal area and the corresponding importance of the scapular area. The mediastinal

vein extends no furthei" out than the anal, tei-minating far I^efore the middle of the Aving,

and has consequently but a few offshoots; while the mediastinal, sweeping downward,

away from the costal margin at the termination of the mediastinal, occupies nearly half

of the wing before curving ujiward again to terminate above the apex. The externomc-

dian vein is arcuate and terminates on the lower margin not far from the tip, and has

only three or four superior longitudinal branches. The anal furrow is stronglj' arcuate.

The anal veins are nearly parallel to the inner margin, bat impinge upon it near the anal

furrow.

This genus is peculiar to Fairplay and two species are known.

TABLE OF THE SPECIES OF POKOBLATTINA.

Scapular vein stvonjily sinuous, tlie proximal scries of branches simple IP. areuata.

Scapular veiu geutly sinuous, the proximal series of branches deeply forked 2. P. lakesii.

1. Poroblattina areuata.

PL 41, fig. 5.

Porol)lattina areuata Scudd., Pi-oc. Acad. Nat. Se. Philad., 1885, 39.

The costal border is considerably convex. The scapular vein is uniisually arcuate and

has a large number of mostly simple oblique branches. The externo- and internomedian

veins, on the contrary, have few and distant branches, and the former is also strongly ar-

cuate. The whole surface of the wing is broken by closely crowded cross-veins, which are

more transverse to the whole wing than to the interspaces.

Length of fragment, 5.5 mm.; probable length of wing, 10 mm.; breadth, 4 mm.
A single rather imperfect specimen was obtained, No. 47, indicating a wing well

rounded and much shorter in proportion to its breadth than in the next species.

2. Poroblattina lakesii

ri. 41, fig. 11.

Poroblattina laTcesii Scudd., Proc. Acad. Nat. Sc. Philad., 1885, 39,

The costal border is nearly straight and the wing elongate. The scapular vein is much
less arcuate than in the preceding species and has a comparatively small numljer of dis-

tant, singly or doubly forked, oblique branches. The much less oblique branches of the

internomedian vein are more frequent but appear less croAvded from their simi)licity,

while those of the externomedian are more distant than the latter, and equally simple.

There is no sign of any cross-venation.

Two specimens, Nos. 30, 73 and 74. This species like the preceding, is small, the

wing measuring about 12 mm. long, and 4.5 mm. broad. Named after Prof. Arthur Lakes

of the School of Mines at Golden, Colorado, the first discoverer of these fossils.



TRIASSIC INSECTS OF COLORADO. 467

BLATTAKIAE Latreille.

Neortheoblattina Scudder.

Neortliroblattina Scudd., Proc. Nat. Sc. Philad., 1885, 103-109.

In this genus the wings are about two and a half times longer than broad, with fairly

well rounded apices, the mediastinal and scapular veins amalgamated into a single vein,

which extends nearly to the tip and in the middle of the wing occnpies nearly one-half

its width. The internomedian vein is of varying importance, and in the large anal area

the veinlets terminate on the margin; the anal furrow is strongly arcuate, and deeply

impi'essed.

All the species are small. N. lahesii may be taken as the type.

TABLE OF THE SPECIES OF NEORTHUOBLATTINA.

Fore wings not more than two and a half times as long as bi-oad ; raediastino-scapiihir vein terminating only a little hcCore

the tip ol' the wing.

Intenionieilian vein l)egi lining to forlj long before externomediaii and of eqiMl importance with it. 1. N. albolineata.
Internomedian vein beginning to fork scarcely or not liefore the externonu'dian and of less importance tliaii it.

luteinomedhm area terminating much farther from the apex of the wing than the mediastiuo-scapnlar.

2. N. lakesii.

Internomedian area reaching out toward the apex of the wing nearly as far as the mediastino-scaiiular.

3. N. rotundata.
Fore wings about three times as long as broad; niediastiao-scapular area terminating long before the tip of the wing.

4. N. attenuata.

1. Neorthroblattina albolineata.

PI. 42, figs. 2, 18.

JSfeorthrohlaUina albolineata Scudd., Proc. Acad. Xat. Sc. Philad., 1885, 109.

The single wing has lost the tip, but all the essential features are preserved, excepting

the form of the tip. The wing is very dark colored, and the veins appear as very pale

lines upon it. The costal margin is gently and equably arched, Avhile the inner margin

is perfectly straight. The externomedian vein is little developed, first forking and then

not widely in the middle of the Aving, its fuller development being prevented by the am-
ple and unrestricted development of the internomedian vein, Avhich runs in a full rounded

course neai'ly to the tip of the wing. The anal area is interesting because the veins of

the upper half run close to, but do not impinge upon the anal furrow, curving down-
ward just before reaching it, and either running into the next vein below and terminat-

ing there, or continuing parallel to the furrow and tei'minating on the inner border.

A single prothoracic shield has been found which I have referred here. It is broadly

transversely oval, considerably domed, highest in a vague, transverse, median ridge, the

anterior curve indistinctly bent in the middle (not so shown on the plate), the posterior

curve broad and in the middle somewhat flattened; the sides are well rounded and the

whole is about a fourth broader than long, all the margins entire.

Length of fragment of Aving, 7 mm.
;
probable length of Aving, 9 mm.; breadth, .3.5 mm.;

length of prothoracic shield, 3.5 mm.; breadth, 4.3 mm.
Two sjiecimens, Kos. 32, 33.
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2. Neorthroblattina lakesii.

]^1. 42, figs, i), 15.

NeorthroUatUna JaJcesii Scudd., Proc. Acad. ISTat. Sc. PhihuL, 1885, 109.

The costal mai-giu is arched as in the last species, and the inner margin has an almost

equal opjjosite curvature. The externomedian vein has a very sinuous course, and forks

before the middle of the wing with abundant neuration, occupying on the margin the en-

tire tip of the wing, and almost the outer half of the lower margin, while the internome-

dian is reduced to an archmg veiu, extending but little beyond the anal fuiTow, and with

only two or three branches; the anal veins are all parallel to the anal furrow and simple.

A single stone with its reverse shows the pi'othoracic shield, which is broadly and

transversely oval, a little moi-e tlian a fifth broader than long, tolerably regular, with

vei-y broad sides, the anterior margin scarcely bent in the middle, the curve of the hind

margin somewhat llattened; uniformly and rather sti'ongly domed, the lateral margins a

little flattened, and with a median, slight, but rather abi-upt and pretty lar'ge, rounded

depression

.

Length of fore wing, 9 mm.; breadth, 3.5 mm.; length of prothoracic shield, 3 mm.;

breadth, 3.65 mm.
Two wings, one of them with its reverse, and one shield with its reverse, Avere found,

ISTos. 34:, 35 and 82, 76 and 77. Named after Prof. Arthur Lakes of the School of Mines

in Golden, Colorado, who first made known these beds, this species being one of the first

discovered by him.

3. Neorthroblattina rotundata.

PI. 42, figs. 7, 8.

Neorthrohlattina rotundata Scudd., Proc. Acad. Nat. Sc. Philad., 1885, 109-110.

The costal margin in this species is very strongly arched, while the inner margin is

straight, giving a very different aspect to the wing. It closely resembles the pi'cceding

species in the mediastino-scapular and anal areas, and also in the peculiarities of the

externomedian vein, excepting that the latter does not encroach to so large a degree

upon the internomedian, the terminal oflshoot of which creeps along the border so as to

limit the marginal extent of the externomedian area almost as much below as above, al-

though the branching of the externomedian vein is scarcely lessened thereby.

Length of wing, 8.5 mm.; breadth, 3.3 mm.
Three specimens, all with reverses, Nos. 78 and 79, 100 and 101, 102 and 103.

4. Neorthroblattina attenuata.

PI. 42, fig. 1.

Neorthroblattina attemiata Scudd., Proc. Acad. Nat. Sc. Philad., 1885, 110.

This species departs from the typical forms in its slenderness and pointed apex, but

it agrees so fairly in general structnre that it would best be placed here. The costal mar-

gin is not regularly arched, being flattened mesially, while the whole wing tapei-s regu-

larly in the apical half; the inner margin is also arcuate, and the tip bluntly pointed. The
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inc'diiistiiio-scapular vein termiiuites cous^iderably before the apex, and the oppositely ar-

cuate internoniedian reaches almost as far out, the branches of both nearly always simple.

The anal veins are only slightly irregular.

Length of wing, 12 mm.; breadth, 4 mm.
A single specimen with its reverse, Xos. 31 and 75.

ScuTiNOBLATTi>rA Scnddcr.

ScnUnoUattina Scudd., Proc. Acad. Kat. Sc. Philad., 1885, 110.

In this genus, composed of small species, the front wings are decidedly more coriace-

ous than the hind wings, so that the nenration is often more or less obscured by it. The

wing itself is convex, as in the modern Phoraspis, and subtriangularin form, its greatest

Avidth being near the base, while the tip is bluntly pointed. The mediastinal and scapular

veins are again blended into one wliich, instead of having a sinuous course, is nearly or

quite straight and terminates below the apex of the wing, while the externomedian vein

follows closely parallel to it, and the oblique veins of this and the internomedian veins

follow each other so as to make it difficult to tell where the line of dejnarcation may lie.

The anal veins sometimes fall on the mai-gin and sometimes on the anal furrow. Scu-

tlnohlattlna hroagmarli may be regarded as the type of this group.

TABLE OF TnE SPECIES OF SCUTINOBLATTINA.

Mediastino- scapular aud externomedian veins liavlng a distinctly sinuous course through tha middle of the wiug, both

terminating below the apex.

A nal l)ranches falling on the hind margin 1. S. brongniarti.

Anal branches falling on the anal fnrrow 2. S. intermedia.

Mediastino-scapular and externomedian veins taking a straight course through the middle of the wing, both terminat-

ingatthetip 3. S. recta.

1. Scutinoblattina brongniarti.

PI. 42, tig. 5.

Scutinoblattina hrongniarii Scudd., Proc. Acad. Nat. Sc. Philad., 1885, 110-111.

In this interesting species the wings are very strongly convex at the base, and the

whole surface is flecked with dark spots. The branches part from the main veins at a

similar angle on either side of the middle of the wing. The anal area extends nearly to

the middle of the wing, where it is marked by a considerable emargination, and its veins

are frequent, oblique, mostly simple, and terminate on the margin.

One of the specimens shows also a portion of the hind wings and most of the protho-

rax. The former were longer and considerably broader than the fore wings, but no es-

sential part of the neuration can be traced. The prothorax was ti-ansvei-sely ovate, a

little angulate at the sides, strongly domed, and either the head or an impi-ession of much
the shape and size of a head, about half the width of the prothoracic shield, can be seen

lying on the anterior half of the latter.

Length of fore wing, 7 mm.; breadth, 3 mm.; length of prothoracic shield, 2 mm.,

breadth, 3 nun.

Two specimens, one with reverse, !N"os. 3S, 80 and 81. N"anied after Mr. Charles

Brongniart of Paris, well known for his remarkable discoveries among the older fossil

insects.
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2. Scutinoblattina intermedia.

PI. 42, fig. 4.

ScuMnoblattina intermedia Sciidd., Proc. Acad. Nat. Sc. Philad., 1885, 111.

This species resembles the last, but is not marked by any dots, and the anal area, while

shorter, shows no emargination of the border at its extremity; the anal veins are very

close, parallel to the inner margin, and terminate not on the margin, but on the anal fnr-

i-ow. It further diflters in that the externomedian branches are considerably more longitu-

dinal than those terminating on the costal margin.

Length of wing, 7 mm.; breadth, 2.75 mm.
Two specimens, one with its reverse, Nos. 97 and 98, 99.

3. Scutinoblattina recta.

PI. 42, ligs. 3, 16.

ScvtlnoUattina rcda Scudd., Proc. Acad. Kat. Sc. Philad., 1885, 111.

This species, the smallest and most abundant of all in the triassic rocks, is rather slen-

derei- than the others, and has the sui-fixce finely reticulated. The mediastino-scapular

and externomedian veins run side by side in perfectly straight lines fi'om the middle of

the base to the middle of the tip, the branches, very few in numbei", parting similarly on

the two sides. The costal is more arched than the inner margin, and where they can be

made out, the one or two anal veins seem to run to the margin, but all the veins on the

wing are exceedingly obscure.

A couple of stones, one with its reverse, show the prothoracic shield to have been very

nearly circular, slightly broader than long, scarcely more produced in front than behind,

uniformly and considerably domed, the margins entire and in no way displayed.

Length of wing, 6.3 mm.; breadth, 2.1: mm.; length of prothoi-acic shield, 2.9 mm.;

breadth, 3.1 mm.
Four wings have been found, three of them with reverses, N^os. 37, 85 and 86, 87 and

88, 89 and 90, besides two prothoracic shields, one with its reverse, Nos. 38 and 81, 83.

HEMIPTERA.

Cekcopidae Leach.

The remaining insects appear to fall in tliis group of homopterous insects.

Ceecopyllis (dim. of Cercojns) gen. nov.

Under this name are grouped the very few insect forms found in these beds which are

not cockroaches. They are very small and appear to be quite unlike anything found

in mesozoic or older deposits. Hardly anything besides wings are known, and these in

all cases fore-wings with extremely simple neuration, consisting of a simple radial vein



TRIASSIC INSECTS OF COLORADO. 471

tenninating in the distal half of the wing after an abrupt bend, an uhiar vein with only

a very few branches not connected by cross veins, and one or two simple or simply forked

veins in the anal area of the wing.

Cercopyllis justiciae sp. nov.

PI. 42, fig. 6.

A small stout-bodied insect with a tapering abdomen, divided nniformly into joints

and with a somewhat pointed tip. The fore-wing extends a long way beyond the tip of

the abdomen, which indeed only reaches its middle, is moderately broad with a strongly

and regularly convex costa; the apex is lost, but the curve gives a certain definiteness to

the probable length of the wing, so that the radial vein may be said to tei'minate at the

end of its middle third; this vein runs completely parallel to and at a moderate distance

from the margin until close to its termination, when it liends abruptly as if to form an

ovate stigma and passes obliquely to the margin. The ulnar vein forks thrice subequi-

distantly, the last time opposite the bend of the radial vein, to the oblique end of which

its final branch is parallel ; the first fork is a little nearer to the base of the wing than

to the last fork, and the vein is rather distant from the radial vein ; all the branches are

simple, distant, nearly straight, and nnconnected by cross veins. Within these are two
other simple veins, parallel to the inner ulnar branch, the one next it perhaps the sutura

clavi.

Length of (headless) body, 4.4 mm. ; breadth of thorax, 2.2 mm. ; length of fragment

of wing, 5 mm.; probaljle complete length, 5.4 nma.; probable breadth, 2.1 nun.

A single specimen and its reverse, Is^o. 39.

Cercopyllis delicatula sp. nov.

PI. 42, fig. 11.

A nearly complete fore-wing unfortunately with the base very obscure. It is about two
and a half times longer than broad, broadest in the apical half toward which it increases

very slowly in size, tapering more rapidly, the apex well rounded, the upper and lower

halves nearly symmetrical, the costal margin nearly straight to the end of the radial vein.

The radial vein is very similar to that of the preceding species, but if anything is a lit-

tle longer. The ulnar vein has the same number of l)i-anches, but arising at veiy unequal

distances and so of very unequal lengths, the first and second near together, well within

the basal half of the wing, the outer quite as in the preceding species, though a little

farther removed from the oblique portion of the radial vein. The vein next within the

inner ulnar vein (the sutura clavi?) is straight and not, as shown on the plate, arcuate,

and the one within that shows some signs of simple inferior branches. Veins and mem-
brane alike are seen under a half-inch objective to be uniformly clothed with excessively

fine hairs, as far apart as their OAvn length (which does not exceed 0.017 mm.), directed

outward, with a tendency to run in lines.

Length of wing, 5.2 mm.; breadth, 2 mm.
One specimen and its reverse, N!o. 40.
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Cercopyllis adolescens.

PI. 42, fig. 12.

A single fragment of the tip of a wing which resembles C. justiciae rather than the

last species, but in size agrees better with the latter and has the same apical curve. The
radial vein comes much nearer to the tip of the wing than in either of the others, and has

a decided curve in opposition to the costa just before the final bend. From what can be

seen of the ulnar vein, it would seem to be constructed as in the others, but the final fork

is earlier and its relation to the preceding and to the oblique end of the radial vein more

as in C. justiciae than as in C delicatula. Nothing of the other veins can be seen. The
membrane and veins are clothed precisely as in C. delicatula, though less elistinctly, and

the hairs appear to be shorter (perhaps more erect) and if anything more distant.

Length of fragment, 3.2 mm.; breadth, 1.4 mm.
One specimen, No. 41.

EXPLANATION OF PLATES.

Plate 41.

All the drawings are by Mrs. Katheriiic Peirsou Ramsay and are maguififd \.

Fig. 1. Spiloblattina triassica.

Fig. 2. Sinlollattina guUala.

Fig. 3. SpUoblattina maryinata.

Fig. 4. Spiloblattina garilineri ; "hiwi ^yia^.

Fig. 5. PoroblaUina arcuata.

F'ig. 6. Spiloblattina gardineri.

Fig. 7. Etoblattina persistens.

Fig. 8. Spiloblattina gardineri.

Fig. 9. Anttiracoblattina triassica.

Fig. 10. Spiloblattina gardineri.

Fig. 11. Poroblaltina lakesii.

Platk 42.

The drawings as on tlie preceding plate.

Neorthroblattina atlenuata.

Neorthroblatlina albolineata.

Sculinoblattina recta.

ScutinoJilaltina intermedia.

Sculinoblattina brongniarti.

Cercopyllis justiciae.

Neorthroblattina rotundata.

The same.

Neorthroblattina lakesii.

. Etoblattina persistetis.

11. Cercopyllis delicatula.

Fig. 12. Cercopyllis adolescens.

Fig. 13. PHrablaUina aefjua.

Fig. 14. Spiloblattina guttata ;him\\y\ng.

Fig. 15. Neorthroblattina la/ccsii ; pf(>t\u>ra,(;\i: n]\\vli\.

Fig. 16. ScHtinoblnttina recta ; protlioracic shield.

Fig. 17. Petrahlaltina mcieri.

Fig. 18. NeorthrohUutina nlbnlincata ; protliorack' sliicld.

Fig. 10. Etoblattina persistens ; protlioracic sliicld.

Fig. 20. Etoblattina sp.

Fig.
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XIII. Fusion of Hands.

By Thomas Dwight, M. D., LL.D.

Paukman Pitoi'KSSou or Anatomy at IIarvahd Univehsity.

[Read April 2U, 1892.]

ASES oi pulydactylisiii in which the increase of the number of fingers clearly springs

from the fusion of two more or less complete hands and forearms are extremely uncom-

mon. There are several, for the most part rather imperfect, accounts of this condition

as seen in living persons, or in undissected specimens, or recorded in the plates of old

authors, but there seems to be no dissection like the one about to be described in any

museum, ncjr any description of a similar dissection in literature. This one. indeed, was

described forty years ago by Hai'vard's distinguished Professor of Morbid Anatomy, the

late Dr. .T. B. S. Jackson, but the dissection had not been carried far enough to show

some of the most important features, the account was inadequate, and in parts wanting

in the anatomical accuracy which is so essential, but can hardly be expected from any

other than a trained anatomist. Moreover the account appeared merely in an abstract of

the Proceedings of the Boston Society for Medical Improvement which was published in

the American -lournal of the Medical Sciences, Vol. XXV, January, 1853, p. 91. It is

practically buried. It is indexed in tlie Journal as "Malformation" without any

qualification whatever. Thus this most remarkable case is not mentioned by the most

exhaustive writers on the subject. The specimen originally belonged to the Cabinet of

the Boston Society for Medical Improvement which some years ago came into the po.s-

session of the Harvai-d Medical School. It seems proper to bring it forth from the

obscurity in which it has remained so long, especially as it is particularlj^ valuable in

connection with a recent observation on the living by Dr. F. Jolly of Berlin.

A preliminary glance at the bibliography will lielp to the better appreciation of this

case. The literature is far from satisfactory. It is all the more obscure from the diversity

of interpretations and from the difficulty which often e.xists in deciding in which class a

particular case belongs. The following seem to be undoubted cases of the fusion of two

more or less perfect hands. In some of these cases we have no question that the fusion

extends into the forearm and even beyond the elbow.

MEMOIRS BOSTON SOC. NAT. HIST., VIII.. IV. (iO
*

(+ i^3)
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1. KuEFF. De Conceptii. Frankfurt, 1587, Plate 41. In the text it is stated that

there are twelve fingers but, according to Morand and to Tarnffi, the plate shows a child

having two hands joined hy the idnai- side, each with five fingers. There were also

double feet.

2. Ambrosini IX Aldrovaxdi. Monstrorum Historla. Brmn, \(ji2, pp. i',)^) ajid

497. A foetus with two hands on each arm with five fingers each and joineil on the ulnar

side.

3. Kerkrixg. (Jhscrcat. Aunt. Amsterdam. 1670, p. lo, (Jbs. XX, with plate.

A skeleton of a boy with seven fingers on each hand of which the longest were in the

middle. On the right there were seven metacarpals but a thumb could not be recognized.

On the left hand there were apparently five metacarpal Ijones. The first phalanx of

the thumb arose on the outside of the 7th finger. One foot had eight toes and the

other nine. [This is on the authority of Tarufiti. It seems the least certain of these

cases.]

4. Dii CouRAi. Journal des Savants. 1696. An infant with eight fingers on the

right hand, of which the two indices were joined together as well as the two little fingers.

[It is not easy to see how this could occur unless the hands were put face to face.] There

were seven fingers on the left hand of which the indices were joined and the rest separate.

It seems from the context that there were no thumbs. Both hands were bent inwards

on the wrists and could not be extended. The metacarpus was a third longer than usual.

Each foot had seven toes, of which the great toes of each foot were united. The head

was monstrous.

5. GiULio Obsequente. (rrdrnmatico Latiiio. De jjrodlgiis. .A girl with foui' hands

and four feet.

6. WiRTEXSOnx J. Dlssertatio. Berlin, 185-j. A human monster with four hands and

four feet in the Berlin Museum. [Taruffi. from whom this reference is taken, states that

he Avas notable to verify this observation.]

7. Murray. Medlco-Chirunjical Trans. Vol. XL VI, London, 18Go. This is a very

noteworthy case especially in coimection with the one which is the sultject of this paper.

A woman, thirty-eight years oM, living at Brighton, had two hands of four fingers each

on the left arm, united at the radial side. '-The fingers of l)oth hands are clubbed at

their tips. The middle and ring fingers of the .supernumerary hand are webbed as far as

their proximal joints and the movements of the fingers of this hand are somewhat stiff

and imperfect. The thumbs .seem to be represented only by the prominence on the dor-

sal surface seen in figure ?>." This is a very poorly shown little projection apparently on

the back of the proximal phalanx of the index of the normal hand. [It may be advis-

able to point out that when, as in this case, we have two hands united by corresponding

sides, one of them must be a right hand and the other a left hand. The one which is of
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the same side as the arm is the normal hand ; the other the extra one.] The two sets of

fingers could be opposed to each other. It seems that the woman when ;it work scrubbing

the floor rested on the back of the flexed carpus. Mr. Murray says: "From the rigidly

arched conformation of the metacarpal portion of the double hand, it is evident that

she could not lean on the palm.'' The woman was otherwise well-formed. There was

nothing of the kind in her family as far as she knew, and she had a normal child. The

rest may be given in Mr. Murray's own words. "The shoulder joint is natural. The ex-

ternal condyloid ridge of the humerus is strongly defined. The elbow joint may be fully

extended, but flexion cannot be carried further than is represented in Fig. 1." [say to an

angle of 12(1° with the humerus] "and the impediment seems to be the imusually large

coronoid process of the ulna. The muscles and tendons of the forearm are so prominent

that it is not eas_y to decide whether there is a second radius or ulna ; but after numerous

examinations made under favorable circumstances. I feel sure that the duplicity of bony

structure begins at the carpus. Pronation and supination are freely performed." It will

be necessaiT to review these statements in the light which the present case throws on the

internal structure of the forearm.

S. GiRALDES. Maladies Chirurylcales des En/ants. A case of a child's hand with

eight fingers in two sets and no thumb.' A clear case of two nearly perfect hands fused at

the radial sides. Giraldes refers to two similar specimens which, having injecited and dis-

sected, he placed in the miisee de VainphitMatre des hopltaux. Of these Fort " says in

1869. ''Nous ne les avons pas trouvees.

9. Giraldes. Bidl. Soc. Chirurg. JVoc. 1865. M. Giraldes said: "I have had an oj)-

portunity to see in my service a case of two entire hands on a single forearm. M. Guer-

sant has seen the same person."

10. FuMAGALH. Sidle deformUa coiif/eiilta delta ditta. Annali l/nlo. d'l Med. Mllano.

Vol. CCXVI,
J).

MOo. 1871. A girl of four months without family predisposition had the

right hand with eight fingers and no thumli. The two sets were united hy the radial side.

The double hand was anchylosed at a right angle to the forearm. The extra fingers had

less motion than the normal ones. Their metacarpal bones were incomplete.

11. KuHXT. Virchow's Archw. Band L VI, 1872. A German recruit twenty-one years

old. Each hand consists of the ulnar half of two hands fused. The left hand consists of

five hngers and no thumb. Three of the fingers apparently are of the left hand to which

are added the ring and little fingers of a right hand. The right hand is less symmetrical.

There are the three normal fingers of the ulnar side to which are added two fingers and a

rudiment of a third of a left hand. Accoi-ding to the drawing, there is no abnormal flexion.

' This is the case erroneously attributed to Lauccranx - Des diftbrmites congenitales et acijulse des doigts.

lu Ziegler'3 Lehrbuch der patliologisolieu Anatomie, 1392. These, Paris, 16G9.
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The man \va-< a workingman, and it is stated could do only coarse work (grobe Arbeiten).

Nothing is said of the motions of the elbow.

12. Gerrhixi. GarMta Med. Ital.-Lomhardo. No. 51. 1874. A boy five years old

had six fingers on each hand divided into two groups. It is a clear case of the fusion of

the ulnar sides of two hands.

1-3. Laxgalli. La scienzaelapratica. Pavia, 1S75. An account of a wax model of

a girl's right hand found in a museum. Four fingers of tliree phalange-? represent the nor-

mal hand. The other four represent theab?ent thumb. Again there seems no doubt that

this is a case of fusion.

14. F. Jolly. Festschrift, Rudolf Virchow gewldmet. Band I. Berlin, 1891. This

case is the most important one. The individual presenting the peculiarity was a living

man, twenty-five years old, without hereditary predisposition, but of peculiar and deficient

mental organization. The deformity was on the left arm, which from the shoulder down

was smaller and shorter than the right. The fingers were in two groups of three, each

consisting of a middle, ring, and little finger. The fingers of the group on the outer, or

radial side, were those of a right hand. One proximal phalanx of the extra set was broad at

its base so as to articulate with two metacarpal bones, of which there were seven in all.

The internal condyle of the humerus and the normal ulna were easy to feel. There was

no distinct external condyle and no head of the radius could be made out. Along the front

of the humerus in the region where the biceps should be " there is felt instead of that

muscle a strong bony ridge which runs to the bend of the elbow and ends in a blunt prom-

inence." As well as could be judged on the living, it would seem as if on about the

lower two thirds of the humerus there was an outgrowth, or another bone fused with it on

the front and outer side. The outer bone of the forearm feels at the wrist more like an

ulna than a radius. The man can raise his arm at the shoulder but little above a horizon-

tal line. It can, however, be l)rought passively to a vertical position. The photograjih

shoAvs a flattening in the deltoid region. The elbow can be flexed actively only to an

angle of about 150°. Passive flexion does not exceed 120°, the above mentioned bony

process locking the joint. There is next to no pronation and supination. The hand can be

both actively and passively flexed and extended. So can, also, the fingers either individ-

ually or in groups. The photograph shows a tendency to flexion and pronation of the

hand which the author does not mention. Dr. Jolly thinks one would be inclined to be-

lieve that the ulnar parts of two hands and two forearms had been fused together while the

radial constituents had in part been lost. He says that whether his interpretation, made

on the living, is the correct one will be shown certainly when there is a chance to examine

an analagous case.

It should be noticed that of the preceding cases in 1, 2, 5, 6, and 9 there are two practi-

cally complete hands. In cases 1 and 2 (if there be no mistake) these are joined on the
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ulnar side. The point is not mentioned in cases 5, 6, and 9, which are of little value.

Case 3 is unsatisfactory. It is certainly allowable to question whether the phalanx grow-

ing in one case from the seventh finger is rightly called the thumb. If it be not a thumb

this case may be considered the result of the fusion of the ulnir portions of two hands.

Case 4 is also wanting in clearness. This leaves cases 7, 8, 10, 11, 12, 1.3, and 14 showing

fusion of the ulnar parts of the hands with suppression of more or less of the radial parts.

For reasons which will appear later it is probable that in several of these, the duplication

of one .side and the suppression of the other are not limited to the hand.

The next case is placed last, out of the chronological order, because, though the poly-

dactylism is also due to the fusion of a part of an extra hand, it differs extremely from

the othei's.

15. Carre. Seance picblique cle la Soclete Royale de Medeclne, Chiriirrjie, et Phar-

macle de Toulouse. 1838, j^p. 28-30. A goldsmith had on his right arm, beside the normal

hand, an extra thumb and index finger. The latter thumb was next to the normal one

and the index further from it showing that of course they belonged to a left hand. In-

deed the two thumbs were united and had, according to Carre a common metacarpal joint.

They were of equal size. They were flexed and extended together and had the power of

spreading apart. The next finger arising from the outer side of the thumb was shaped

like an index and had free motion in flexion, extension, and abduction. Besides the radius

and ulna of the normal arm there was an extra radius on the outer side of the former,

joined to it at the wrist, but separated from it above by an interval that could be felt. It had

a joint of its own at the elbow. The motion of each bone could be felt, though pronation

was impaired. The wrist was broad, implying the presence of additional bones. Nothing

is said of a metacarpal bone for the new index.

The present specimen is the left arm of a German machinist thirty-seven years old who

died of chronic diarrhoea at the Massachusetts General Hospital in Boston in March, 1852.

The arm was dissected by the late Dr. Ainsworth and made into an old-fashioned dried

and varnished preparation showing most of the muscles of the upper extremity and the

chief arteries and nerves of the forearm and hand. The parts, of course, are much

shrunken and distorted, but the specimen has kept unchanged. There is no account of

any deformity excepting of the left arm. From a hint in the Hospital Records and from

an anecdote told by a physician who remembered him. it may be inferred that the patient

was of loose morals and of a peculiar temperament, which is recorded from the similarity to

Dr. Jolly's case. Figures 1 and 2 of plate 43 represent a cast taken after death which also is

in the Museum of the Harvard Medical School. It shows a left forearm and a very broad

hand having four normal fingers and, in place of the thumb, the three inner fingers of a right

hand which were smaller than the others. The hand is flexed and somewhat pronated.
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The dissected specimen is in much the same position Imt less strongly flexed. The carpus

and metacarpus are arched transversely so as to form a deep hollow in the hand. Dr.

Jackson said in his report of the case to the Boston Society for Medical Improvement in

the summer of 1852: '' the hand was not merely very useful to him in the way of his busi-

ness, but gave him some advantages, he thought, in playing upon the piano, upon which

instrument he was a performer. The three upper fingers, supposing the hand to be laid

in a state of semipronation. were used efficiently as a thuml) to oppose the three^ others.

Variou-< observations were made upon the n)otions of the hand and fingers." Unfortu-

nately these were not recorded in the hospital records and no notes bearing on them can

be found among Dr. .lackson's papers. The left arm was shorter than the right. Dr.

.Jackson gives the length of the left forearm as 8' inches and that of the humerus as 10

inches, the right ulna measuring nearly 111 inches and the humerus 1.3 inches. The

.scapula (Plate 4-3, fig. 3) is very peculiar. The supra-scapular notch is broad and so deep

as to pass ])elow the spine. The spine is so slanted that what is called the upper surface

of the acromion looks almost directly outward. It is moreover very slight. The supra-

spinous fossa is rudimentary. Its anterior portion is wanting and most of the posterior

part of the floor is convex instead of concave. Dr. .lack.son had perfectly recognized that

the hemes of the forearm were two ulnae, and that there was no radius; but the i)arts

about the elbow were .so hidden liy the dried mu.scles that very important features could

not be made out. I therefore had the specimen pliotograjihed before it was disturbed

and rewrote the description of the soft parts. Then softening the dried muscles l)y a

steam of almost boiling water I examined thoroughly the bones at the elbow and finally

separated the arm from the forearm. The bones were then photographed. The wrist

and hand were not further dissected as the preparation gave a good view of the dor.sal

aspect of the carpal bones.

The Boxes. The forearm consists of the noriud left ulna and of a right one in the

place of the radius. The left one shows little that calls for comment, excepting that there is

a projection outward at the place of the lesser sigmoid cavity to join a corresponding pro-

jection from the other ulna. The upper surtiice of this projection articulates with the

humerus. At the lower end the styloid process is less prominent than usual, and the head

rather broad. The right or extra ulna is put on hind side before, that is the back of

the olecranon projects forward over the front and outer aspect of the humerus. If the

reader will place his right forearm on the outer side of the left one he will see that it is

necessaiy- for the ulna to be thus inverted if the thumbs are to touch and the palms to be

continuous. This olecranon is thinner, flatter, and longer than normal. The coronoid

' Dr. .J;ick.-ioii says-' thnn- " instead of "four" as ho tlioiigh it lias some support iu the phiii of the Mteusor

looked on the normal index as a central linger with tliree tendons.

• in either .side of it—a view to which [ cannot agree,
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process is rudimentary. From the side of this process and iVoin the shiif't just behind it

arises the projection ah-eady referred to which meets a similar one from the normal ulna.

(Plate 43, figs. 4, 5.) On the front of this there is a small articular surface looking forward

which suggests a part of the convexity of the head of the radius. (Plate 44, fig. 1.) The

upper articular surface shows a fissure separating it from the side of the olecranon which

is not found in the normal ulna. These projections which touch each other are held to-

gether by a strong interosseous ligament. The lower end of this idna is very like the

other only somewhat broader. The mode of union of the lower ends could not be seen

without unwarrantable injury to the specimen. There can hardly liave been any definite

movement between these bones. Perhaps tlie ligaments may have permitted some irreg-

ular sliding, but it is impossible to know. These bones have been described first because

their nature is very clear and, once understood, is a key to the more difficult interpre-

tation of the lower end of the humerus.

The upper end of the humerus, concealed as it is by dried muscles, presents nothing note-

worthy. There is no roughness for the attachment of the deltoid though the place for it

is exposed. At the lower end the internal condj'le is normal. It is quite unmistakable

and is the most evident starting point. On the posterior surface is an olecranon fossa

containing the normal olecranon. Beyond this is a thick rounded swelling, which,

however, can hardly have been prominent before dissection. This is the normal outer

condyle of the humerus ^>??<s another of a right humerus applied to the normal bone at

nearly a right angle. A prominence somewhat to the outei- side of the front of the nor-

mal humerus represents the internal condyle of the right one. Between this and the

fused external condyles is the joint for the right olecranon. There is but a faint trace

of a fossa above it. Between the two internal condyles is a very small coronoid fossa on

the front of the normal humerus. (Plate 43, fig. 4
;
plate 44, figs. 2, 3.) Thu> it appears

that to this left humerus is added a part of the lower end of a right one, so applied that

the outer condyles are fused and the right inner condyle projects forward. To illustrate

this I have made a model (Plate 44, fig. 4), by siwing otf obliciudy a great part of the

outer C(mdyle of a left humerus and applying to it a part of the lower end of a right hu-

merus cut in the same way. Each humerus bears its own ulna. If the lateral expan-

sions from the side of the coronoid processes and of the shaft behind them could lie put

on this would represent strikingly the relation of the bones at the elbow.

The dorsal side of the carpus was well exposed in the original dissection but the

description was not anatomically correct. The palmar aspect cannot be studied. The

carpus is so convex that it is not possible to get a satisfactory photograph. The

relations of the bones are shown in the diagram in which they are represented

as in a level plane. The proximal row consists of three bones besides the two

pisifonns. At either side of the wrist is a cuneiform (of! triquetriitn) , the dorsal
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DIAGRAM OF THE DORSAL ASPECT OF THE WRIST.

surface of which is uncommonly large. Between them is a bone Avhich evidently is

the result of the fusion of two semilu-

nars. Its upper border is slightly

notched. The pisiforms in the tendons

of the ulnar flexors are displaced above

the wrist on to the ulnae. Extension of

the hand would have brought them on

to the cuneiform bones. At each end

of the second row there is an unciform

bearing the little and ring fingers. Each

rests on the corresponding cuneiform

and touches the semilunar. Next come

tlie two ossa magna, ver\^ symmet-

rically disposed, each bearing the

metacarpal bone of the middle finger.

Their anterior halves diverge so as

to leave an interval between them,

behind which they touch each other.

their heads resting side by side in the nuddle bone of the first row. In the notch

between these bones is the trapezoid (os midtangulum minus) bearing the left index

finger. Each middle finger touches it. the extra one by a Ijroader surface than the

normal one of the left hand. Still it is very symmetrically placed, so that from a

view of the carpus alone it would be very hard to say to which side it belongs,

bTit a glance at the specimen or at the cast is enough to show that the index

finger l^elongs to the left hand. The metacarpal bones and phalanges require no

special description. Those of the extra hand are somewhat smaller than the normal

one.

The Muscles. In this account Dr. Jackson's description is followed as closely

as possible. "The tendons of the latissimus dorsi, teres major and iniaor, sub-

scapuhiris, mfrasjnnatiis, pecforalis major and minor are shown in the prepar-

ation." No mention is made of the supraspinatus. It has been stated that its fossa

is rudimentary, if present at all it must have been very small. Dr. Jackson says

that the delto'ul lind Ijeen i-emo\ed. The absence of the roughness for its insertion

and the lightness of the spine of the scapula and the acromion have been noted.

These facts imply that it was small ; an interesting point to be returned to later.

•'Coraco-brachiaHs small." The biceps is obscure. There seems to l)e a small long

head with probably a sliort liead from the coracoid joining it low down. The long

head is tendinous in the middle of the arm. This muscle is inserted into the extra



FUSION OF HAXDS. 481

intL'inal condyle on the front of the hiuueriH ami perhaps also into the bone above

it. '- One /rtV/eps- sufficiently developed, with its three heads, and inserted into the

perfect nlna. A second /r/'ce^As, however, exists which is quite imperfectly developed;

one head arises from just below the head of the humerus and a second

from the lower part of the humerus. It is in-ierted into thi imperfect olecranon

l)Ut sends a tendon to the corresponding inner condyle, and receives a large slip from

the other ^r/ce^j.s; in structure it is muscular at each extremity and tendinous

midway. A supernumerary slip of muscles," appears through the capsule of the

shoulder joint, like the long head of another hicejjs, "passes under the tendon of the

2>ectoraHs major and is inserted into the" extra internal condyle. "There was nf) well

defined brachiaJis anfiai)<."

"In the forearm the imifcles usually connected with the radius and thuml) are

of course wanting. The superficial flexor of the fingers arises from the inner condyle

corresponding to the ^lerfect ulna; and sends a tendon to each finger, excepting the

little finger of the imperfect side" [/. e. of the extra hand] "also a slip from the

tendon of the inde.x finger to the deep-seated tendon of the .same." The deep flexor

arises in two parts. Th:it for the normal liand arises chiefly from the normal ulna,

partly from the interosseous membrane. Tiie portion for the index has its muscular

belly to a gr-eat extent separate from the rest. The part for the extra fingers arises

almost if not quite exclusively from tlie inverted ulna. The little finger has only a

small slip given off from the side of the tendon to the ring finger. ^'Flexor car])!

vlnaris well developed on the perfect side, but on the other indistinct." This indis-

tinctness probably applies to the muscular belly, for the tendon is perfectly plain,

and about as large as the normal one. Each goes to the pisiform bone and prol)ably

further. The second one seems to arise froui the fibrous or muscular expansion at

the outer side of the forearm near the inverted olecranon. No mention is made of a

palmaris /oikjus but a prominence in the cast indicates that it existed. "Pronator

quadratus quite well marked, and also the interossei
.''' There is a slip of muscle or

fascia, now dried and shrunken, running from tlie muscular mass })clow the internal

condyle to the inverted ulna just below the elbow, strongly suggesting a rudimentary

2^ronator radii teres.

The system of the extensors is very complicated, and owing to the distortion of

the dried muscles, not easy to make out perfectly. Still a good deal can be added

to the original description. No e.ctensores carpi uJnares are found, nor is there any

mention of them. The}' probably existed, howe\'er, as the groove for the tendon is

slightly marked at the lower end of each ulna. A muscle, which may represent one

of them, runs along the outer border of the forearm. It springs from a muscular mass

on the free edge of tlie inverteil ulna and is inserted apparent!}' into the outer side of its

MEMiiIliS HOSTON SdC. NAT. HINT., Vm.. IV. lil
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head sending a small slip to the Itase of the little finger. No such muscle has been

preserved on the normal side. The common extensors of the fingers maj- be described

as follows : A fleshly mass arises from the outer side of the normal olecranon,

between it and the fused outer condyles, which sends extensor tendons to the four

normal fingers. The one to the index is very small and soon separates from the

othei's. Theie are the usual cross connections over the metacarpus l)et\veen

the tendons of the innei- three fingers. An extensor jii'ojvlus indicia arises from the

middle of the ulna and the intero.s.seous membrane. The extensor of the extra hand

arises partly in couunon with the other from the fused outer condyles and partly

from the region of tlu' inverted olecranmi. It sends tendons, more or less fused, to

the three extra iligits and a small slip to the index of the normal hand which joins

near its insertion the tendon of the extensor jjrojjrlus Indicls already mentioned.

There arises also from the l^ack of the inverted ulna and perhaps from the inter-

osseous meml.)rane a second extensor proprlus Indlcis which is very much the largest

of the four extensor tendons going to that finger. The next largest is the extensor

proprhis of the normal hand. There arises also from the l)aclv of the inverted ulna

near the wrist another small muscle with a tendon going to the back of the mid-

dle finger of the extra hand. Near this, f)ut still lower, was another small muscle, the

tendon of which had l>een cut near the base of the metacarpus.

The Arteries. The brachial divides at about the junction of the middle and lower

thirds of the humerus. The main continuation, which is the ulnar proper, runs deeply

under the band thought to represent the pronator radii teres, to the deep part of the fore-

arm where it gives off the interosseous. Above the elbow there is a branch running back-

ward between the internal condyle and the olecranon. The interosseous branches are not

easy to trace. There seems to he an anterior interosseous and three branches on the back

of the for^^arm, one running on the membrane and one along each bone. At least two of

these share in a network on the ])ack of the carpus. Having I'eached the hand the ulnar

artery runs obliquely across the palm to the cleft between the two sets of fingers, sup-

plying the four normal fingers and the nearer side of the extra middle finger. (Plate 44

fig. 5.) The other branch of the l)rachial crosses the median nerve and runs, apparently

superficially, to the outer siile of the forearm. It supplies the little and ring fingers and

the corresponding side of the middle finger of the supernumerary set. There is no

anastomosis in the palm between the superficial l)ranches of the two arteries. Each gives

off a dee}) branch at the usual place, which forms a deep palmar arch from which some

interosseous arteries spring. There is also an arterial network over the front of the carpal

bones. The arteries of the deep jiarts of the hand cannot all be seen.

The Nerves. The ulnar nerve proper, pursues a normal course and supplies the

palmar aspect of the littli' linger and half the ring finger of the normal hand. Near the
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wrist it "•ives off a ver}- small posterior branch, which is not well preser^erl but which

seems to have had less than the usual distribution.

The median nerve is normal as far as the elbow, running to the inner side of the extra

internal condyle. It is then lost in the dried libers of the Jiexor suhlimis, from which it

emero-es in two main divisions near the middle of the forearm. The inner of these soon

divides into two, of which one supplies the adjacent sides of the ring and middle fingers

and the other those of the middle and index fingers of the normal hand. The outer division

of the median supplies the outer side of the index and both sides of the extra middle

fino-er and one side of the extra ring finger. One of the branches to the index gives off

a dorsal branch, and there is a doubtful one for the extra middle finger. The musculo-

spiral nerve passes behind the humerus as usual. A nerve which is undoubtedly continuous

with it emerges from the hardened muscles over the fused outer condyles. It seems to

be the radial branch changed into an ulnar. It runs with the extra ulnar artery to the

hand, and sending a deep branch into the palm, goes to the little finger. Its continuation

is plain along the side of the little finger nearest to the ring finger. Tliere is a detached

branch on the other side of the little finger which in all probability came from it. The

deep In-anch sends a twig along the metacarpal bone of the ring finger. It probal)ly sup-

plied the side of the ring finger left unprovided for, but this is uncertain. Assuming this

to have lieen the case, each idnar nerve supplies the palmar surface of one finger and a half,

the median supplying the remaining fingers of both hands. Unfortunately no dorsal branches

except those mentioned have been preserved.

Precisely of what nature and how extensive the movements in this extremity may

ha\e been is not easy to determine. Imt certain main facts are pretty evident. It is very

probable horn the structure of the spine of the scapula and the want of a deltoid ridge on

the humerus that this muscle was a weak one. It is certain that the joint at the elljow

allowed but a very limited amount of flexion. There can have l^een no true pronation and

supination whatever, though some irregular movement of the two ulnae on the humerus

may have been possible. The cast with the strong cords at the front of the wrist, made

probably by the ulnar flexors of the wrist and i\vipahnarls lonyus, seems to show conclusively

that the hand was habitually flexed on the wrist and that no great extension can have

been possible. The movements of the carpus are entirely a subject for speculation. It

seems probable, however, that they were very free in various directions. Pronation

and supination were doubtless performed at the shoulder and wrist, with the help of

some change in the amount of extension at the elbow aided by vague lateral move-

ments.

A very curious featiu'e of this extremity is the evident attempt of the extra ulna to
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imitate a radius. On tlie Iroiit of the projection of the coronoid process is a surface

resembling a part of the head of a radius and the lower end is broader than that of the

ulna proper. Evidently the bone which developed as a supernumerary ulna made, so to

speak, an effort to adapt itself to the functions of a radius.

It is curious also to notice the change in the arteries from the normal type. Thus

the brachial after a high division gave off an ulnar which runs deeply and gives origin to

the interosseous, as is natural. The other branch runs at first superficially like a radial and

then changes into an ulnar giving, as docs the other, a characteristic deep l)ranch to the

palm.

Still more curious is the origin from tlie musculo-spiral nerve of a branch in the place

of the I'adial which becomes an ulnar.

We now come to the most important part of the discussion, namely, to the resem-

blance of the best described of the cases of this deformity to each other. It is more

important than the aetiology, for any prospect of solving that (question is extremely remote,

while there is rea.son to hope that this dissection will serve as a clue to some of the cases

already described. We shall now take in turn several of the features of this case. The

one with which it shows a very striking resemljlance is that recently reported by Jolly.

In both the persons were German males and in both the deformity was on the left side. Dr.

Jolly's patient was of a peculiar mental and moral organization. There is some (but not

conclusive) reason to think that the same could be said of this individual. In Dr. Jolly's

case there was flattening in the deltoid region and an inability to raise the arm above a

horizontal line. The scapula is peculiar in this case and there is indication of weakness

in the same region. In both cases the affected arm was shorter. What can be felt about

the elbow in Jolly's case agrees almost perfectly with the conditions of this one. Dr.

Jolly states that where the biceps should he there is felt ;i strong bony ridge ending in a

blunt prominence. This is the supernumerary internal condyle which may have had a

stronger development than in this case. It is perhaps not impossible that the strong

muscular or tendinous band running to it may have given the impression that the boiie

extended higher than was really the case. The restriction of angular motion and the

almost complete absence of pronation and supination give sti'ong confirmation of the

similarity of the joints. The photograph shows something of a tendency to flexion and

pronation of the hand at the wrist, which Dr. Jolly does not allude to, but it certainly is far

less marked than in this case. It is hardly possible to doubt that, except in the condition

of the wrist, the cases were similar in all important respects. It is not easy to guess what

relation there can be between want of development of the shoulder muscles and this mal-

formation of the hand and arm ; but the simultaneous occurrence of these conditions in

two cases cannot be regarded as accidental.

Mr. Murray's case is less fully reported and seems somewhat difficult to class with
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these two, but I believe it belongs with them. In two respects the case agrees with the

present one : flexion at the elbow is very limited, and when working on the floor the

woman supported herself on the back of the flexed carpus. This suggests a flexed position

of the hand. The metacai-pus was also, as in this case, strongly archeil. Mr. Murray

says that after many examinations he feels sure that the duplicity begins at the carpus.

This means that there is no third or fourth bone in the forearm. It implies no reflection

on hhn, to say that the idea of there being tw(j ulnae and no radius may never have occurred

to him. He finds a bony impediment to flexion at the elbow which he thinks is an

unusually large coronoiil. But such a malformation is, so far as I know, unheard of.

Is it not more plausible in the light of these observations to believe that the obstacle was

the supernumerary internal condyle or perhaps the inverted olecranon? Pronation and

supination, he says, were fi'eely performed. This is certainly a very sei-ious difliculty.

One might ([uestion, however, in the first place whether " freely " is equivalent to " per-

fectly" ; and it must be remembered that to one not very much on his guard these move-

ments are very deceptive. The part played Ijy the shoulder is greater than is often

believed. It is moreover not impossible that the articular surfaces at the elbow may have

been such as to allow a certain amount of irregular motion, which with the aid of the

shoulder and wrist joints, may have permitted a fair amount of twisting of the hand. With

all respect to Mr. Murray I can but think it most likely that the forearm consisted of

two ulnae.

In the cases of Du Courai and of Fumagalli (Noe. 4 and 10) the hands could not

be extended. As has been already pointed out, seven of these cases showed fu.sion of the

ulnar sides of the hands with more or less suppression of the radial sides. The de-

scriptions of most of the cases are very inade(i[uate. Many of them are in children, in

whom perhapsa want of the proper motions of the elbow would be more easily overlooked.

It is probably more likely that such an oversight occurred, than that cases in which the hands

were evidently fused, as in this specimen, should have had forearms oi the normal struc-

ture. The chief importance of this observation is that in connection with Dr. Jolly's case

.it goes far to establish a type (jf a certain kind of polydactylism resulting from the fusion

of tlie ulnar portions of two hands. As has been pointed out, in all the cases recorded in

this paper, in which there is any statement of the fact, the fusion was of the ulnar portions

of the hands, excepting in cases 1 and 2 and in 15, the remarkable observation by Carre, in

which there was an additional tluunb and forefinger and an extra radius. It is to be

noticed in all these cases, which are at all adequately described, that the hands are fused

by corresponding sides. There is no instance of the ulnar side of one hand being joined

to the radial side of the other.

The question as to the cause and the process of production of this deformity is very

interesting but very oljscure. The theory that amniotic folds may have caused a muti-
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lation, probaljly a .splitting, which is followed by an attempt at duplication, is at first sight

a very attractive one. Certain experiments on lizards' tails give it support from analogy.

It accounts for cases in which the lesion was .so slight that Init a part of one finger is

involved, or so deep as to affect a whole extremity. There are, however, certain very serious

difficulties. What, it may be asked, becomes of the parts that should form the radial

side of the hand in a case like the present one ? Another difficulty is that in a large pro-

portion of the cases both hands and both feet are affected. Zander' argues that there is

no impossibility in the occurrence of symmetrical lesions l)y the amnion. In support of his

Adews it may be stated that very often, perhaps usually, these malformations of both

sides are not absolutely .symmetrical, and therefore the more likely to have such an injury

for their proxinuite cause. If these objections can be met this seems the most promising

theory. Taruffi. while admitting our ignorance, speaks of "exaggerated gemmation." which

conveys no explanation. All are now agreed that there is nothing to be said in favor of a

double germ. It is remaikable that this view should have survived so long. A century

and a half ago M. de Mairan' wrote on this subject: ''11 faut devorer bien des prodiges,

lorsque on dit du bout des levres que 1« foiination des monstres pent etre expliquee par

la confusion des germes."

DESCRIPTIOX 'IF I'LATES.

The foUowiug letters have always the same signitioaucc. E, the fused external condyles
;

I, the normal iuterual

condyle; 1^, the extra Internal condyle; 0,the normal olecranon: O^, the extra olecranon.

PL.iTE 43.

J. Cast of forearm and hand, showing the back of the elbow and the palm of tlie hand.

2. The same cast, showing the back of the hand.

3. The scapula and upper part of humerus.

i. Back and outer side of elbow.

5. Front of elbow.

PLATE 44.

1. Front of the upper end of the ulnae. R indicates an articular sui-face on the front of the extra ulna simulating

a part of a radius.

2. Lower end of the humerus seen from below. The anterior surface is al)ove.

3. Lower end of the humerus seen from the outer side.

4. A model, showing the n.ature of the malformation. The piece of the extra humerus should, perhaps, have been

put on so as to form more nearly a right angle with the left humerus.

.5. The front of Uic wrist and hand. U A, ulnar artery; U Aj, extra ulnar artery ; U K, uln.ar nerve; I' Nj. extra

ulnar nerve. M, M, branches of median nerve.

Virchow's Archiv, Bd. 12.-., s. 47'.» and 480. 1891. •' Hist. Acad., 1742.
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proposed to issue later.
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3163. Ruge, Georg. Die grenzlinien der pleurasiicke und die lageruug des lierzens bei primaten ; insbesomlere bei den

authropoiden ; verkurzung des rumpfes. Morph. jahrb., xix, 149-240. 92.2.

3164. Tanja, T. Ueber die grenzen der pleurahohlen Ijei primaten und bei einigei; anderen saugethieren. Morph. jalirb.,

xvii, 145-197. 91.1.

CONJUGATION.

3165. Hertwig, R. Uel)er befruchtun;;' und conjugation. Verli. deutscli. zool. ges., 05-112. 92.1.

CONNECTIVE TISSUE.

3166. Maurer, F. Die entwickelung des bindegewebes bei Siredon piscifonnis und die lierkunft de.-. liindegewcbes im

mtiskel. Morph. jahrb., xviii, 327-348, taf. xi. 92.1.

31G7. Retterer, Ed. Les decouvertes recentes relatives au developpement du tissn conjonctif. .loiiri'. anat. et pliys.,

xxviii, 211-224. 92.1.
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DECIDUA

31fi8. Klein, Giistav. Eiitwickluiig viiul riickbikUing dor deciilua. Zeitsc'.ir. f geburtsh. ii. gyiiak., xxii, 247-295, taf.

vi. 91.1.

3169. Spee, Graf. Uebei' vorgange bei bildung der friiclitliolile im uterus, speziel des raeerscUweincheus und des

men.sclien. Mitth. ver. Sclile.swig-Holsteiu. arztp, 1891, h. 12, stuck 8. 91.2.

EAR.

3170. Avers. Howaril. Vertebrate ceplialogeuesis ; ii. .\ contribution to tlie mor|)liology of tlie vertebrate ear, witb

a reconsideration of its functions. .Tourn. morpli., vi, 1-360, pis. i-xii. 92, 1.

3171. Tlie mac\ila ueglecta again, Anat. anz. , viii, 238-240. 93.1.

3172. Ueber das periplierische verhalten der gehornerven und den wert der horzellen des gehororganes.

Anat. anz., viii, 435-440. 93. 2.

3173. Biuragarten, H. Beitrage zur entwickUmgsgescliicIite der geliorknoclielclien. Arch. f. mikr. anat., xl, 512-530,

taf. xsx. Berlin, 30 p. 8vo. (Inaug. diss,) 92, 1,

3174. Hertwig, O. Entwiclielungsgeschichte des menschliclien olires, Handb, d. olirenlieilk, Leipzig, i, 135-153. 92.3.

3175. Norris, H. W, Studies on the development of the ear of Amblystomi; i, Pevelopraent of tlie auditory vesicle.

Journ. morph., vii, 23-34, pis. iii-iv. 92.1.

3176. Reissner, E. De auris internao formatione. Dorpat, 53 p., 1 pi. 4to. (Inaug. diss.) 51.1.

3177. Retzius, G. Die endigiingsweise der geliornerven. Biol, untersuch, Stockholm, iii, 29-30, taf. xi-xii. 92 3,

317S. Schaffer, O. Ueber die vererbung fotaler ohrformen und die hauflgkeit des vorkommens derselben bei erwach-

senen. Sitzb, ges. morph, u. phys. Miinchen, viii, 42-51. 92.4. See 3179,

EAR, EXTERNAL.

3179. Schaft'er, 0. Ueber die fotale ohrentwickelung, die li.-luflgkeit fotaler ohrformen bei erwachsenen und die

erblichkeitsverluiltnisse derselben. Arch. f. antlirop., xxi, 77-132, 215-245. taf. ii-iii. 92.1. See 3178.

ELASMOBRANCHS,

3180. Sedgwick, A, Notes on elasmobranch development. Q, ,T, M, S,, xxxiii, 559-586. 92, 1.

3181. Wyman, .lefTries. Observations on the development of Raja batis. Mem. .i.m, acad, arts sc, ix. 37-44. 67.1.

ELASTIC TISSUE.

3182. Heller, .T, Beitrage zur histiogenese der elastischen fasern im netzkuorpel und ligamentum nuchae. Monatsh. f.

prakt, dermat. Hamburg, xiv, 217-237. 92, 1,

ELECTRIC ORGAN.

3183. Ewart, .T, C. The electric organ of the skate, Phil, trans, roy, soc. Loud., clxxxiiiB, 389-420, pis, xxvi-

XXX. 92. 1.

EPIDERMIS.

3184. Behn, Studien uber die verhornung der menschliclien oberhaut. .\rch. f mikr. anat., xxxii, 531-595, taf,

xxvi. 92, 1,

3185. Roraer, F, Zur frage uach deni ursprunge der schuppen der saugetiere, Anat, anz., viii, 526-532. 93. 1.

3186. "Wel)er, Max. Bemerkuugen Uber den ursprung der haare und fiber schuppen bei saugetieren. Anat, anz,, viii,

413-423, 93, 1.

EPIPHYSIS.

3187. Klinckowstrom, A. de. Le premier develoiipoment de I'oeil pineil, I'epiphyse et le nerf parietal chez Iguana tuber-

culata, Anat. anz., viii, 289-299. 93,1,

EVOLUTION

3188. Baur, G. .Abstammung der amnioten wirbeltiere, Miinchen. metl. vvochenschr,, xx.^iv, 441 . 87.5.

3189. Osborn, H. F. The contemporary evolution of man. Am, nat,, xxvi, 455-481, 92,1.

3190. Ryder, J. A. Energy as a factor in organic evolution. Proc, Am, phil, soc, xxxi, 192-203. 93.1,

3191. Virchow, R. Transformation and descent. Journ. path, bacteriol, Edinb, and Loud., i, 1-12, 92,1,
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EYE.

3192. Assheton, R. On the development of the optic nerve of vertebrates and the choroiilal fissnre of emhryonit life.

Q. J. M. S., xxxiv, 85-104, pi. xi-sii. 92.1.

3iy2a. Cliievitz, J. II. Die area und fovea centralis retinae beim menscldichen foetus. Intcrnat. monatsschr. f. anat.

u. phys., iv, 1-20, taf. viii. 87.1.

3192b. Untersuchungen iiber die entwickehing der area und fovea centralis retinae. Arch. f. anat. u. phys.,

anat. abth., 332-3fi(i, taf. xviii-xs. 90.1.

3193. Ciaccio, G. V. Du mode de formation des vesicules primaires des yeux et ponrquoi elles se transforment en

secondaires; origine, formation et texture interne de Hiunieur vitr^e. Arch. ital. biol., xix, 232-240. 93.1.

3194. Cirincione, G. Sui prirai stadi dell' occliio umano. Giorn. assoc. Napol. med. e natur., ii, 403-439, 4 pis. 92.1.

3195. Durand, G. Developpement des muscles de I'iris chez I'embryon de poulet. C. R. soc. biol. Paris, ser. 9, v, 242-

243. Abstract, Bibliogr. anat. Paris, i, 44. 93.1.

3196. Heule, J. Zur entwickelungsgeschichte der lirystallinse und zur teilung der zelll<erne. Arch. f. milir. anat., xx,

413-430, taf. xxvii. 82.1.

3197. Merkel, Fr. , (in(Z Orr, A. W. Das auge des neugeborenen an einem schematischeu durchschnitt erliiutert. Anat.

hefte, abth. 1, h. i, 271-300. 92.1.

3198. Meyer, H. Beitrag zur streitfrage iiber die entwickeUiug der linseufaseru. Miiller's Arch., 202-204. 51.1.

3199. Miiller, H. Notiz iiber die netzliautgefiisse bei einigen tieren. Wiirzburg. naturw. zeitschr., ii, 64. 61.1.

3200. Ueber die netzhautgefasse von embryonen. Wiirzburg. naturw. zeitschr. , ii. 222-223. 61.2.

3201. Virchow, H. Glaskorpergefiisse und gefSsshaltige linsenkapsel bei tierischen embryonen. Sitzb. phys.-med. ges.

Wiirzburg, xx-xxii. 79.1.

3202. Voll, A. Ueber die eutwickeluug der merabrana vasculosa retinae. Festsclir. f. A. v. KoUiker, Leipzig. 87-93, 1 pi.

92.1.

FACE.

3203. His, W. Die entwickelung der meuscldiclieu und tliierisclier physiognomien. His's Arch., 384-424. 92.2.

FOETAL ENVELOPES.

3204. Giacomini, E. Contributo alia migliore conoscenza degli anessi fetali nei rettili. Mouitore zool. ital., iii, 126-128,

157-163, 185-196. Abstract: Arch. ital. biol., xviii (1893), 336-349. 92.1.

GANGLIA.

3205. Lenhossek, M. v. Beobaclituugcn an den spiualganglien und deni riickenmark von Pristiurus-embryonen. Anat.

anz., vii, 519-539. 92.2.

3206. Morpurgo, B.. (intZ Tirelli, V. Sur le developpement des ganglions intervertebraux du lapin. Arch. ital. biol.,

xviii, 413-434. 93.1.

GANOIDS.

3207. Agassiz, Alex. The development of Lepidosteus. Proc. Am. acad. arts sc, xiv, 65-7(i, pi. i-iv. 78.2.

GENERAL -WORKS.

3208. Beard, J. On a supposed law of metazoan development. Anat. anz., viii, 22-29. 92.3.

3209. Oppel, Albert. Vergleichung des entwicklungsgrades der organe zu verschiedenen entwickluiigszeiteu bei wirbel-

tieren. Jena, 181 p., 8vo. 91.2.

3210. Roux, Willielm. Beitriige zur entwickelungsmeclianik des embryo; vii. Ueber mosaikarbeit und neuere ent-

wickelungshypothesen. Anat. hefte, abtli. 1, h. ii, 277-333. 93.1.

3211. Saliatier, A. Essai sur la vie et la mort. Paris, 282 p., 8v<). (Bibliotheque evolutioniste.) 92.1.

GENITALIA. EXTERNAL.

3212. Klaatsch, M. Ueber embryouale aulageu des scrotnms und iler laliia majora bei arctopitlieken. Morpli. jalirb.,

xviii, 383. 92.1.

3213. Retterer, E. Du developpement du pr6pnce, de la couronne du gland et du col du penis cliez I'erabryon humain.

C. R. soc. biol. Paris, ser. 9, ii, 528-531. 90.3.

3214. Dn developpement du fourreau et de la partie lilu'e de la verge des mammiferes quadrnpedes. C. R.soc.
biol. Paris, ser. 9, ii, 551-554. 90.4.
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GERM LAYERS.

3215. Davidoff, M. vou. Die unnmidtlieorie. Aiiat. auz., viii, 397-404. 93.2.

3216. Greeiiougli, H. S. Sur les liomologies des ju'emiers stades siiivaiit la segmentatiou chez le!5 batracieus. Bull, .soc-

zool. France, xvii, 57-o0. 92.1.

3217. Heidenhain, Martin. Ueber das vorkommen von intercelUilarbriicken zwisclien glatten muskelzellen und epithel-

zelleu des ausseren kelmblattes und deren tlieoretisolie bedeutung. Anat. anz., viii, 404-410. 93.2.

3218. Henneguy, L. F. Sur la constitution de I'endoderrae chez I'embryon des mammiferes. C. II. soc. biol. Paris, ser.

9, iv, 277-279. 92.2.

3219. Houssay, F. Sur la tlieorie des feuillets et le parablaste. C. R. acad. sc. Paris, cxiv, 112S-1130. 92.2.

3220. Lwotl", B. Ueber die keimbiatterbilduug l)ei den wirb^'ltieren. Biol, centralljl., siii, 40-50. 93.1.

3221. Mitsnkuri, K. On tlie mesoblast formation in tlie gecko. Anat. anz., viii, 431-434. 93.2.

3222. Perenyi, .losef - Die cntsteluing des mesoderms. Math. u. naturw. bericlite ans Ungaru, viii, 272-278, taf. i-ii.

91.1.

• 3223. Rabl, C. Tlieorie des mesoderms. Morpli. jalirb., xix, 05-144, taf. iv-vii. 92.2.

3224. Remak, H. Ueber die geuetisclie bedeutnug des oberen keimlilattes im eie der wirbeltliiere. Verb. akad. wiss.

Berlin, 25-26. Mulier'.s Arch., 209-210. 51.1.

3225. Samassa, Paul. Ueber einen primitivstreif in der area opaca. Miinclien,24 p., 1 pi. 8vo. 90.1.

3226. Smiecliowski, A. Die bedentung der raegasphiiren in der keimscheibe des hiihnchens. Anat. hefte, abth. l.h.iii,

109-127. 92.1.

3227. Stricht, O. van der. Sur I'e.Kistence d'ilots cellnUiires a la periplierie du blastoderme de poulet. Anat. anz., viii,

26G-271. 93.1.

GESTATION.

3228. Grieg, .T. A. Ueber die tragzeit der Phocaena communis Less. .Jen. zeitschr. f. naturw., xxv, 544-552. 911.

GILLS.

3229. Vircliovv, Hans. Spritzlochkieme der selacliier. Sitzb. ges. uaturf. freuude, 31-33. 93.1.

GROWTH.

3230. SchiiHer, 0. Gewiclitsverluste der ueugeboroiien. Univ. franenkliu. Miiiicheu ber., Leipzig, 203-205. 92.3.

HAIRS.

3231. Leydig, F. Bestelit eiue bezieliung zvvischen hautsinuesorganeu uiid liaaren? Biol, ceutralbl., siii, 359-375. 93.1.

3232. Maurer, F. Haut-sinnesorgane, feder- und haaranlagen, uud deren gegenseitige beziehungen, ein beitrag zur pliy-

logenie der silugetierhaare. Morph. jalirb., xviii, 717-804, taf. xxiv-xxvi. 92.2.

3233. Mobius, K. Die beliaaruug des mammuths und der lebaudeu elephanten, vergleichend untersucht. Sitzli. preuss.

akad. wiss. Berlin, 527-538, taf. iv. 92 1.

HEAD

3234. Goronowitsch, N. Die axiale und die laterale (A. Goette; kopfraetamerie der vogel-smbryonen. Die roUe der

sogenannten ganglienleisten im anfbane der nervenstiimme. Anat. anz., vii, 454-4G4. 92.1.

3235. KupHer, C. Mittheiiungen zur entwickUingsgescliichte des kopfes bA Acipenser sturio. Sitzb. ges. morph. u.

phys. Miinchen, 1S91, 107-123. 92.2.

3236. Studien zur vergleicheuden entwiclvelungsgeschichte; i. Die entwickeluug des kopfes vou Acipenser

sturio an medianschnittec uutersuclit. Miiuclien u. Leipzig, 95 p., 9 pis. 8vo. 93.1.

HEART

3237. Brnch, C. Ueber den schliessungsprocess des foramen ovale liei menschen und s.lugethieren. Abh. Senck. naturf.

ges. Frankfurt a. M., iv, 46-62. taf. iii. 63.1.

3238. Gibson, G. A. Some deductions from a study of the development of the heart. Ediub. med. journ., 1892, 429-433,

1 pi. 92.1.

3239. Hoft'niann, C. K. Zur entwickolungsgeschiclite des herzens und der blutgefasse bei den selacliioru ; ein lieitrag zur

kenntnis des unteren keimljlattes. Morph. jalirb., xix, 592-C48, taf. xxii-xxv. 93.1.
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HEMISPHERES CEREBRAL.

3239a. Antonini, A. La corteccia cercbrale nei mammiferi domestici. Mc'iiitore zool. ital., iii, 224-232, 243-248. 92.1.
3240. Cajal, S. Ramon y. Siir la structure de I'ecorce cerebrale de quelques niammifei-es La cellule, vii, 123-176, pi. i-iii.

91.1.

3241. Retzius, G. Ueber den bau der oberflachenschiclit der grosshirnrinde beim nienschen und bei den saiigethieren.

Vei-l). blol. ver. Stockholm, iii, 90-102. 91.1.

3242. Die Cajal'sclien zellen der grossliirnrinde beim menschen und bei saugethieren. Biol, untersuch. Stock-
holm, V, 1-8. taf. i-iv. 93.1.

3243. Valenti, G. Contributo alio studio delle scissure cerebrali. Atti soc. tosc. sc. uat. Pisa, si, 137-172, tav. viii.

91.3.

3244. Vanhersocke, G. B. A. La morphologic des circonvolutioiis cerebrales; origine, developperaent, valeur morpliolo-

gique et mfidicale des plis corticaux du cerveau. Lille, 143 p., 4to. (These.) 91.1.

HEREDITY.

3245. Barfurtli, D. Halbbildung oder ganzbildung vou halber grosse. Anat. anz., viii, 493-497. 93.1.

824fi. Boveri, Th. Ueber die entstehung des gegensatzes zwischen den geschlechtszelleu und den somatischeu zelleu bei

Ascaris megalocephala, nebst bcmerkungen znr ent-\vicklungsgeschichte dernematoden. Sitzb. ges. morph. u.

pliys. Miinchen, viii, 114-125. 92.3.

3247. Emery, C. Gedanken zur descendenz- und vorerlningstlieorie. Biol, centralbl., xiii, 397-420. 93.1.

3248. Harmer, Sidney F. On the occurrence of embryonic tis.sion in cyclostomatous Polyzoa. Q. J. M. S., xxsiv, 199-

241, pis. xxii-sxiv. 93.1.

3249. Hurst, C. Herbert. Biological theories; i. The nature of heredity. Nat. science, i, 502-507. 92.1.

3250. Biological thcoiies; ii. Tlie evolution of heredity. Nat. science, i, 579-5S7. 92.2.
3251. Miles, Manly. Heredity of acquired cliaracters. I'roc. Am. assoc. adv. sc. xli. 202-211. Am. nat., xxvi, 887-900-

92.1.

3252. Nussbaum, M. Beitrage zur lehre von der fortpflanzung und vererbung. Arcli. f. mikr. anat., xli, 119-145. 93,1.

3253. Osborn, H. F. Heredity and tlie germ-cells. Am. uat., xxvi, 042-670. 92.3.

3254. Tlie dilliculties in the heredity theory. Am. nat., xxvi, 537-567. 92.2.

3255. Weismann, A. Das keimplasnia: eine theorie der vererbung. Jena, xviii, C2S p., 8vo. 92.1. (For translation,

see no. 325G.)

3256. The germ-plasm; a theory of lieredity. New York, 477 p., 8vo. 93.1. (Translation of no. 3255.)

3257. Wilckens, M. Die vererbung erworbener eigenschaften vom standpuukte der landwirtschaftlichen tierzuclit iu

bezug auf Weismann's theorie der vererbung. Biol, centralbl., xiii, 421-427. 93,1.

HUMAN EMBRYO.

3258. Giacomini, C. Sur les anomalies de developperaent de I'embryon humaiu. Arch. ital. biol., xviii, 8G-100, 1 pi.

92.2.

3259. Hun, Henry. A case of tubal pregnancy. Am. jouru. raed. sc, Ixxxviii, 98-103. 84.1.

3260. Valenti, G. Intorno ad una anomalia di sviluppo dell' uovo uraano. Arch, it.al. biol., xviii, 160. .itti accad. chir.

Perugia, iv. 92.1.

HYPOPHYSIS.

3261. Schoaemanu, A. Hypophysis und thyreoidea. Virchow's .\rch., cxxix, 310-336. 92.1.

3262. Willey, A. On the development of the hypophysis in the ascidians. Zool. anz.. xv, 332-334. 92.1.

IMPREGNATION.

3263. Bischoff, Th. L. W. Bestatiguug des von Dr. Newiiort bei den batracliiern und Dr. Barry bei den kauiucheu
behaupteten eindringens der spcriiiatozoiden in das ei. Giessen, 10 p., 4to. 54.3.

3204. Bohm, A. A. Die befruchtung des forelleneies. Sitzb. ges. morph. u. piiys. Muiijhen, vii (1892), 65-73. Miiuchen.

med. wochenschr., xxxviii, 539-542. 91.1.

3205. Born, G. Die reifung des amphibieneies und die befraclituug uureifer eier bei Triton taeniatus. Anat. auz., vii,

772-781,803-811. 92.1.

3266. Flck, Rudolf. Ueber die bsfrnclitung des axolotleies. Anat. anz., vii, 818-821. 92,1.
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INTESTINE.

32G7. Auerbach, L. Ueber einen plexus nijcntericus eiuen bisher unbekannten ganglioiinervosen apparat im darmkanal
der wii'bi-ltliiere. Breslau, 13 p., 8vo. 62.1.

32C8. Fernore vor'.aiitlge mittlieihing iiber den iiervenapparat des darraes. Arcli. f. path, aiiat., xxx, 4J7-4CO.

64.1.

3209. Bizzozero, G. SuUe ghiantlole tubulari del tubo gasti'O-enterico e sul rapporto del loro epitelio coll' epitelio di

rivestimento della mucosa; nota i. Atti accad. sc. Torino, xxiv, 110-137, tav. iii. 88.2.

3270. SuUe ghiandole tubulari del tubo gastro-enterico, ecc. ; nota ii. Ghiandole del intestine retto del Mns
iiuisculus. Atti accad. sc. Torino, xxvii, U-34, 1 tav. 91.4.

3271. — -—— Sulle gliiandole tubulari del tubo gastro-enterico, ecc; nota iii. Ghiandole del duodeno del topolino

grigio. Atti accad. sc. Torino, xxvii, 320-340, 1 tav. 92.1.

3272. Sulle ghiandole tubulari del tubo gastro-enterico, ecc; nota iv. Intestino delle lucertole. Atti accad.

sc Torino, xxvii, 891-903, 1 tav. 92.2.

3273. — Sulle gliiandole tubulari del tubo gastro-enterico, ecc ; nota v. Intestino della larva del Petrorayzon

planeri. Atti accad. sc. Torino, xxvii, 988-1004, 1 tav. 92.3.

3274. Bizzozero, G., and Vassale, G. Ueber die erzeugung und die physiologische regeneration der driisenzellen bei den

saugethiercn. Virchow's Arch., ex, 155-214, taf. iii. 87.1.

3275. Cloetta, M. BeitrSge zur niikroskopiscben anatoraie des vogeldarnies. Arch. f. mikr. auat., xli, 88-119, taf. xi.

931.
327(i. Endres, 11. Anatomiscli-entwicklungsgeschichtllclie studien iiber die formbildende bedeutung des blutgefJlss-

apparates unter besonderer berticksichligung der damit verbundenen mechauischen eintliisse; i. Beitruge zur ent-

wicklungsgeschichte und anatomic des darraes, des darnigekroses und der bauchspeiclieldriise. Arch. f. mikr.

anat., xl, 435-483, taf. xsiv-xxvi. 92.1.

3277. Heidenhain, K. Beitrage zur histologie und physiologic der diinndarraschleimhaut. Arch. f. phys. menschen u.

thiere, xliii, suppl., 1-103, taf. i-iii. 88.1.

3278. Kazzander, G. Sulle pliche della mucosa dell' intestino tenue dell' uomo. Monitore zool. ital., iii, 207-210. 92.1.

3279. Ueber die falten der diinndarmschleimhaut beim menschen. Anat. anz., vii, 768-771. 92.1.

3280. Kieser, D. G. Der urspruug des darmkanals aus der vesicula umbilicalis, dargestellt ira menschlichen embryo.

Gottingen, 31 p., 2 pis. 4to. 10.1.

3281. Mall, F. Reversal of the intestine. Johns Hopkins hospital rep., i, 93-110. 92.5.

3282. Paneth, .1. Ueber die secernireuden zellen des diinndannepithels. Arch. f. mikr. anat., xxxi, 113-191, taf. viii-x.

88.1.

3283. Stoss, A. Untersucliungen iiber die entwickelung der verdauungsorgane, vorgenommen an scliafsembryonen.

Erlangen, 32 p., 5 pis. 8vo. (Inaug. diss.) Dautscli. zeitschr. f. tiormed. u. vergl. path. Leipzig, lix (1893), 1-32.

92.1.

JACOBSONS ORGAN.

3284. Lenhossek, M. Ton. Die nervenursprunge und endiguugen im Jacobson'schen organ des kaninchens. Anat. anz.

,

vii, 628-635. 92.3.

3285. Rose, C. Ueber das rudimentare Jacobson'sche organ der crocodile und des mensclien. Anat. anz., viii, 458-472.

93.2.

LARYNX.

3286. Wilder, H. H. Studies in the phylogenesis of tlie larynx. .Anat. anz., vii, 570-580. 92.2.

LATERAL LINE.

3287. Ewart, .J. C. The lateral sense organs of elasmobrauchs ; i. The sensory canals of Laemargus. Trans, roy. soc.

Ediub., xxxvii, 59-84. 91.2.

3288. Ewart, J. C, and Mitchell, J. C. The lateral sense organs of elasmobrauchs. ii. Tlie sensory canals of the

common skate (Raia batis). Trans, roy. soc. Ediiib., xxxvii, 87-105, pi. i-iii. 92.1.

3289. Pollard, H. B. The lateral line system in siUiroids. Zool. jalirb., abth. anat., v, 525-551, pis. xxxv-xxxvi. 92.1.

LIMBS

3290. Boyer, E. K. The mesoderm in teleosts; especially its share in the formation of the pectoral tin. Bull. mus.
comp. zool., xxiii, 91-133, pis. i-viii. 92.1,
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3291. HoU, M. Ueber die entwickeluQg der stellung cler gliedmasseii des menscheii. Sitzb. Wieii. akad.. c, abtli. 3, 12-61.

91.3

3292. Kiikentlial, \V. MittheiluQgen iiber den carpus des weisswals; die bildung des Uaniatums uiid da.s vorkomnicn von

zwei and drei centralien. Morpli. jalirb. , six, .56-64, taf. iii. 92.3.

3293. Mollier, S. Zur entwickelung der selacliiei'-extremitaten. Auat. anz., vii, 351-36.5. 92,1.

LIVER.

3294. Felix, W. Zur lebiir- uud pankreasentwickelung. Ai-ch. f. anat. u. pliys., anat. abtli., 281-323, taf. xvi-xviii. 92.1.

3295. Frobeen, Ford. Zur entwickelung der vogelleber. Auat. hefte, abtli. 1, h. iii, 365-372, taf. xxix. 92.1.

3296. Jones, C. H. On the structure and development of tlie liver. Piiil. trans, roy. soc. Lond., 109-137, pis. ix-xi.

49.1.

3297. Furtlier inquiries as to tlie structure, development and function of tlie liver. Pliil. trans, roy. soc. Lond.,

1-28, pi. i. 53.1.

329«. Jones, T. W. Microscopical examinations of the contents of the hepatic ducts, with conclusions founded tliereon

as to the physiological signification of the cells of hepatic parenchyma, and as to their anatomical relation to

the radicles of the hepatic ducts. Phil, trans, roy. soc. Lond., 277-279. 48.1.

3299. Kostanecki, K. v. Ueber kernteilung bei riesenzellen nach beobachtungen an der embryonalen saugetierleber.

Anat. hefte, abth. 1, h. iii, 323-352, taf. xxv. 92.3.

3300. Mall, F. Dlt einfluss des systems der vena portae auf die vcrtheiUmg des blutes. Arcli. f. an:it. u. phys., phys.

abth., 409-453. 92.1.

3301. Retzius, G. Weiteres iiber die gallenkapillaren und den driisenbau der leljer. Biol, untersuch., iv, 67-70, taf.

xx-xxii. 92.5.

LUNG.

3302. Nirath, Albert. Vergleichende anatomic des bronchialbaumes. Verh. anat. ges. Wien, vi, 16S-174. 92.1.

MAMMAE.

3303. Schultze, O. Bsitrag zur eutwickelu'.igsgescUichte der milch lrii<eu. Verb. pUys.-med. ges. Wiirzburg, xxvi, 171-

182, taf. iii-iv. 93.1.

MAMMALS.

3304. Fiserius, E. Baitrilge zur entwickelungsgeschichte von Sciurus vulgaris. Verli. phys.-med. ges. WUrzburg, xxvi,

1-20, taf. ii. WUrzburg, 20 p. 1 pi. 8vo. 92.1.

3305. Morgan, T. H. Development of mammals. Am. uat., xxv, 162-166. 91.1.

3306. Piiladino, G. Des premiers rapports entre I'embryon et I'uterus cUez quelques mammiferes. Arch. ital. biol., xiii,

59-70, pi. i. Giorn. assoc. nat. raed. Napoli, i, no. 42. 90.1.

3307. Retterer, E. Note sur la technique relative a I'extraction des oeufs de lapine. C. R. soc. l)iol. Paris, s6r. 8, iii, 99-

100. 87.2.

3308. Romer, F. Ueber den bau und die entwickelung des panzers der giirteltiere. Jen. zeitschr. f. naturw.. xxvii, 513-

558, taf. xxiv-xxv. 92.1.

3309. Selenka, E. Studien iiber entwickelungsgeschichte der ticre ; heft 5, zweite hillfte, 4. Afl'en Ostindiens ; 5. Keim-

bildung des kalong (Pteropus edulis) ; 6. Dottersack und placenta des kalong von Dr. R. Gohre; p. 207-233, taf.

xxxvi-xlii. 92.1.

3310. Tafani, A. I primi momentidello sviluppo del mamraiferi. Studi di morfologia normale e patologica eseguiti snlle

uova del topi. (Nota, p. 57.) Arch. anat. norm, patli. Firenze, v, 3-59. 1st. stud, super, prat, e perfez. Fireuze,

sez. med. e chirurgia, \-r>9. Abstract: Rend, accad. Line., v, 119-125. 89.2.

MARSIPOBRANCHS.

3311. Bujor, P. Contribution a I'etude de la metamorphose de I'Ammocoetes branchialis en Petromyzon planeri. Revue
biol. nord France, iii, 301-315, 325-.339, 365-390, 417-426, 474-486; iv, 41-60, pis. vi-ix. 91.1.

3312. Hatta, S. On the formation of tlie germinal layers in Petromyzon. Jonrii. coll. sc. univ. Japan, v, 129-147, 2 pi.

92.1.

331:'.. Juliu, C. Reclierclies sur I'anatoniie de IWmmocoetes. Bull. sc. nord France, ser. 2, x. 87.4.
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MEDULLARY NERVE-CELLS.

3314. Dojriel, A. S. Zur fivage iiber den bau der uervenzellen mid iiber das verhiiltniss ilires axencylinder (nervcn)

fortsatzes zu den protoplasinafortsatzen (dendriten). Tomsk, 23 p., 1 pi. 8vo. 92.4.

3315. Hodge, C. F. A inicroscopic.il study of changes due to functional activity in nerve cells. Journ. morpli., vii, 9.5-

168, pis. vii-viii. 92.1.

MESENTERY.

3310. Dareste, C. Sur la foriiiation du rafsentcre et de la gonttiere intestinale dans I'embryon de la poule. C. R. acad.

sc. Paris, cxii, 1514-151i;. 91.1.

3317. Klaatscli, H. Zur morpliologie der mesenterial-biklungenam darmlvanal der wirbeltiere ; i. Amphibian and reptilien.

ii. Saugetliiere. Morpb. jahrb., xviii, 385-450, (!09-71fi, taf. xxii-xxiii. 92.2.

METAMERISM.

3318. Cori, C. .J. Ueber anomalieu der segnientirung bei anneliden und deren bedeutuug fiir die theorie der metaraerie.

Zeitschr. wiss. zool., liv, 509-578, taf. xxv. 92.1.

3319. Hatsclielv, B. Die metamerie des .Vrapliioxus und des .Vmmocoetes. Verb. auat. ges. Wien, vi, 136-101. 92.1.

3320. Zur raetamerie der wirbeltiere. Anat. anz., viii, 89-91. 92.2.

3321 Morgan, T. H. Spiral modification of metamerism. Journ. morph., vii, 245-251. 92.1.

3322. Sewertzoff, A. N. Zur frage iiber die segmentierung des liopfmesoderms bui Pelobates fuscus. Bull. soc. uat.

Moscou, 93-103. 92.1.

MUSCLE.

3323. CaUlerara, G. Contributo alia conoscenza dello sviluppo della flbra rauscolare striata. Arcli. sc. raed. Torino e

Palermo, xvii, 89-97. Monitore zool. ital., Iv, 42-43. 93.1.

3324. Christom.anos, A. A., and Strossner, E. Beitrag zur kenntnis der muskelspiudelu. Sitzb. Wieu.akad., c, abtli. 3,

417-435, taf. i-iv. 91.1.

3325. Kaestncr, S. Ueber die allgemeine entwickeluug der runipf- \inil scliwanzmuslvulatur bei wirbeltieren ; mit beson-

derer beriicksiclitigung der selaciiier. Arcli. f. anat. u. pliys., anat. abtli., 153-222, taf. Ix-xii. 92.1.

3326. Kerschner, L. Ueljer muskelspindeln. Verli. anat. ges. Wien, vi, 85-87. 92.1.

3327. Ueber die fortschritte in der erkeuMtnis der muskelspindeln. Anat. anz., viii, 449-458. 93.1.

3328. Kroslng, R. Ueber die riickbilduug und eutwickeluug der quergestreiften muskelfasern. Vircliow's Arcli., cxxviii,

445-484, taf. xiil. 92 1.

NERVES.

3329. Herrick, C. L. Tlie development of tlie meduUated nerve-Hbres. Jouru. comp. neurology, iii, 11-10. 93.1.

3330. His, Willielm, Juu. Die eutwickeluug des lievznervensystems hex wirbeltliieren. Abli. niath.-pliys. cl. siichs.

ges. wis3., xviii, 1-64, taf. i-iv. 91.1.

3331. Howell, W. H., and Hnber, G. C. A physiological, histological and clinical study of the degeneration and regen-

eration in peripheral nerve fibres after severance of their connections with the nerve centres. Journ. phys., xiii,

335-400. pis. xii-xvii. 92.1.

NERVES, CEPHALIC.

3332. Cliiarugi, G. Sullo sviluppo del nervo olfattivo nella Licerta muralis. Monitore zool. ital.. iii. 21 1-212. Abstract

:

Arch. ital. biol., xviii (1893), 303-304. 92.2.

3333. David, J. On the histological structure of the medulla of Petromyzou. Jouru. comp. neurology, ii, 92-94, 1 pi.

92 1.

3334. Geluichten, A. van. De I'origine du nerf ocutomoteur coinmuii. La cellule, viii, 421-431, taf. i. 92.3.

3335. Golgi, C.amillo. Intorno all' origine del quarto nervo cerebrale (patetico o trocleare) e di una questione di isto-

fisiologia generale che a quosto argomeuto si coUega. Atti accad. d. line, ser. 5, ii. Abstract : Monitore zool.

ital., iv, 90-92. 93.1.

3330. Held, Hans. Ueber eine directe aku-iti-;che rindenbahu und deu ursprung des vorderseitenstranges beim meuschen.
His's Arch.. 257-204. 92.2.

3337. Retzius. G. Die endigungsweise des riecliuorveii. Biol, mitersuc'i. Stocklioliu. iii. 2.">-2,s. taf. x. 92.2.
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3338. Strong, Oliver S. The structure and homologies of the cranial nerxes of the Arapliibia as determineil by their

peripheral distribution and internal origin. Anat. anz., vii. 467-+71. 92.1.

3339. Wilder, H. H. Die nasengegend von Menopoma allcghaniense nnd Anipliinma tridactvliini. nebst beinerkungen

iiber die raorphologie des ramus ophthalmicus profundus trigemini. Zool. jahrl)., abth. anat., v, 1.5.">-I7G, taf.

xii-xiii. 92.1.

NERVOUS TISSUE.

3310. Herrick, C. L. Histologj- and physiology of the nervous elements. .Tourn. comp. neurology, ii, 137-149. 92.2.

3341. Kolliker, A. von. Ueber die entwickelung der elemente des nervensystems, contra Beard und Dohrn. Verb. anat.

ges. Wien, vi 7G-78. 92.2.

3342. Lenliossek, M. von. Der feinere ban des nervensystems ira liclite neuester forscUuugeu. Fortschr. d. raed., x,

571-584, 613-638, 665-687, 713-732, 801-813, 845-861, 889-899, 937-947, 981-989, taf. ii-v. Reprinted : Berlin, 139 p.

4 pis. 8vo. 92.4.

3343. Masius, J. Recherches histologiques sur le systeme iierveux central. Arch, de biol., xii, 151-167, pi. vi. 92.1.

3344. Mazzoni, V. Ricerche embryologiche suU' origine e formazione delle flbre nervose. ecc. Bull. sc. med. Bologna,

ser. 7, ii, 389-390. 91.1.

3345. Retzius, G. Kleinere raittheilungen von dera gel)lete der nervenhistologie; i. Ueber die Golgi'schen zellen und die

kletterfasern Ramon y Cajal's in der kleinhirnrinde ; ii. Zur kenntniss der ganglienzellen der spinalganglien ; iii.

Zur kenntniss der nervenendigungen in der riechschleimhaut ; iv. Zur kenntniss der driisennerven ; v. Zur kennt-

niss der nervenendigungen in den zahnen. Biol, untersuch. Stockholm, iv, 57-66, taf. xvii-xis. 92.4.

3346. Schiiffer, E. A. The nerve cell considered as the basis of neurology. Brain, London, 134-169. 93.1.

NEUROGLIA.

3347. Retzius, G. Studien iiber ependym und neuroglia. Biol, untersucli. Stockholm, v, 9-26, taf. v-xiii. 93.2.

NEUROMERES.

3348. Froriep, Aug. Zur frage der sogenannten neuromerie. Verb. anat. ges. Wien, vi, 162-167. 92.3.

NEURON.

3349. Locy, W. A. The formation of the medullary groove in the elasmobrauclis. .Journ. morph., viii, 367-378, pi. xix.

93.1.

NOSE.

3350. Hochstetter, Fr. Ueber die bildung der primitiven choanen beim menschen. Verb. anat. ges. Wien, vi, 181-183.

92.3.

3351. Keibel, F. Zur entwickelungsgeschichte und vergleichenden anatoraie der uase und des oberen muudrandes
(oberlippe) bei vertebraten. Anat. anz., viii, 473-487. 93.1.

3352. Treobaschensky, S. Beitrage zur lehre iiber die entwickelung des geruchsorganes des huhne.s. Mittli. embryol.

inst. univ. Wien, 1-19, taf. I. 92.1.

NOTOCHORD.

3353. Retzius, G. Einige beitrage zur histologic und histocheraie der chorda dorsalis. Arch. f. auat. u. phys., anat.

abth., 89-110, taf. iv-v. 81.4.

3354. Schmidt, v. Dis schwanzende der chorda dorsalis bei den wirbelthieren. .\nat. hefte, abtli. 1, h. ii, 335-388, taf.

xvi-xviii. 93.1.

NUCLEI.

3355. Flemming, W. Ueber nnsichtbarkeit lebendiger kernstrukturen. .Vnat. anz., vii, 758-764. 92.3.

3356. MacaUum, A. B. On the demonstration of the presence of iron in chromatin by micro-chemical methods. Froc.

rov. soc. Lond., 1, 277-286. 91.2.
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OLFACTORY LOBES.

3357. Geluichten, A, van, and Martin, J. Lc bulbe olfactif chcz quebnies mammiferes. La cellule, vii, 203-237, taf. i-ii.

91.1.

335S. Ciolgi, Camillo. SiiUa tiiia stnittnra iloi ijii'.bi olfattoi-ii. lieggio-Emilia, 23 p. I pi. Svo. 75.1.

OVARY.

3359. Caklenvood, W". L. Contribution to the linowledge of the ovary and intra-ovarian egg in teleosteans. Notes on
Centrlna salvini. Journ. mar. biol. assoc. United Kingdom, ii, 298-313, pis. xi-xii. 92.1.

3360. Schottlaender, J. Ueber den Graaf'schen folUkel, seine entstehung beim mensclieu und seine schicksale hei mensch
iiud siingetliiereu. Arcli. f. milcr. anat., xli, 219-29-t, taf. xv-xvi. 93.1.

3361. Strahl, II. Die riickliildung reifer eierstockseier am ovarium von Lacerta agilis. Verii. anat. ges. Wien, vi, 190-

195. 92.2.

3362. Wasielewski, von. Die keimzone in don geuitalschliuichen von Ascaris megalocephala. Arch. f. mikr. anat., xli,

324-337, taf. xix. 93 1.

OVULATION.

3363. Bischoft', Th. L. W. Beweis der vou der begattnng nnabhangigen periodischeu reifung und losliisung der eier der

saugethiere und des menschen als der ersten bedingung Hirer fortpflanzung. Giessen, 5-t p. -tto. 44.1.

3364. Hennig, C. Ueber menstruation und ovulation. Sitzb. naturf. ges. Leipzig, xviil, 81-84. 92.1.

3365. Veit, J. Die frage der inneren iiberwanderung des eies. Zeitschr. f. geburth. u. gyiulk., xxiv, 327-356. 92.1.

OVUM.

3366. Arnold, A. F. Beitrage zur kenntnis des reptilien-ovulums. Erlangeu, 39 p. Svo. (Inaug. diss.) 92.1.

3367. Bernhardt, A. Symbolae ad ovi manimalium historiam ante praegnationem. Vratislaviae, 46 p. 1 pi. 4to. 34.1.

3368. Henncguy, L. F. Essai de classitication des oenfs des animaux an point de vue erabryogC-nique. Bull. soc.

philom. Paris, ser. 8, iv, 37-44. 92.1.

3369. • Le corps vitellin de Balbiani dans I'oeuf des vertcbres. Jouni. anat. et phys., xxix, 1-39, pi. i. 93.1.

3370. Herbst, Curt. Ueber die kiinstliche hervorrufung von dotterraerabranen an nnbefruchteten seeigelelern nebst

eiuigen bemerkungen tiber die dotterhaiitbildung (iberhaupt. Biol, centralljl., xiii, 14-22. 93.1.

3371. Ruckert, J. Ueber die verdoppelung der chroraosomen im keimblaschen des selachiereies. Anat. anz., viii, 44-52.

92.4.

3372. Ryder, J. A. Tlie mechanical genesis of the form of the fowl's egg. Proc. Am. phil. soc, xxsi, 203-209. 93.2.

PANCREAS.

3373. Goeppert, E. Die entwickelung des pankreas der teleostier. Morph. jahrb., xx, 90-111. 93.1.

3374. Hamburger, Ove. Zur entwickelung der bauchspeicheldriise des monsclieu. Anat. anz., vii, 707-711. 92.1.

3375. Laguesse, E. Note sur I'histogenie dii pancreas : la cellule centroaciiieuse. C. R. soc. biol. Paris, ser. 9, v, 622-

624. 93.2.

3376. Sur les bourgeons pancreatiipies accessoires et I'origine du canal pancreatique chez les poissons. C. R.

soc. biol. Paris, ser. 9, v, 402-404. 93.1.

3377. Stohr, Philipp. Die entwickelung von leber und pankreas der forelle. Anat. anz., viii, 205-208. 93.1.

PARTHENOGENESIS.

3378. Tasclienberg, 0. Historisclie entwickelung der lelire von der parthenogenesis. .Abh. naturt. ges. llalle, xvii,

365-454. Festschr. naturf. ges. f. R. Lenckart, 109-197. 92.1.

3379. Wasmann, E. Partlienogenesis bei ameisen durch kunstliche temperaturverhaltnisse. Biol, centralbl., xi, 21-23.

91.1.

PIGMENT CELLS.

3380. Ehrmann. Zur kenntnis von der entwicklnn,' und wanderung des pigments bei den aniphibien. .\rch. f. dermatol.

u. sypli. Wien, xxiv, 195-222, 2 pis. 92.1.
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PINEAL GLAND.

3381. B6i-arieck, Ed. Sur le nerf parifital et la morphologie tin troisieme oeil ik.s vertebres. .\nat. anz., vii, 674-689.

92.1.

3382. Duval, M. Le troisieme oeil de.s vert6br6s, lemons faites a I'Ecole d'anthropologie, reciieillies par P. G. Mahoudeaii.
.Tourii. (le mici-oa;rapliie, Paris, xii, 250, 273, 30.S, 336, 368, 401, 42!), 4.59, 503, 523: xiii (1889), 10, 42, 76. 88.3.

PLACENTA.

3383. Buiniii, E. Ziir keniitniss der uteroplacentargefasse. Arch. f. gynak., xxxvii, 1-15, taf. i-iii. 90.1.

3384. Ueber die entwickelung der raenschlichen placenta. Sitzb. phys.-med. ges. Wiirzburg, 78-85. Miiiiclieii.

med. wochenschr., xsxviii, 563-564. 91.1.

3385. Ueber die eutwickeliing des miitterliclien blutkreislaufes in der menschlichen placenta. Arch. f. gynak.,

.\liii, 181-195, taf. v-vii. 93.1.

3386. Duval, M. Le placenta de.s rongeurs. Joiiru. anat. et phys., xxvii, 515-612, pis. xxiii-xxv. 91.2.

3387. Le placenta des rongeurs. Le placenta dii cochon d'Inde. Journ. anat. et phys., xxviii, 333-453, pis.

xvi-xvii. 92.1.

3388. Le placenta des rongeurs et Tin version des feuiUets blastodermiques. C. R. soc. biol. Paris, ser. 9, iv,

917-919. 92.2.

3389. Le placenta des rongeurs. Paris, 040 p. 4to. Atlas, 22 pis. 92.3.

3390. Favre, .\. Ueber den weissen infarct der menschlichen placenta. Virchow's Arch., cxx, 460-470. 90 1.

3391. Fleischmann, A. Der einheitliche plan der placentarbildung bei nagetieren. Sitzb. preuss. akad. -wiss. Berlin.

445-457, taf. iii. 92.1.

3392. Gohre, R. Dottersack nnd placenta des kalong. Selenka's Stud. ii. entwick. d. tiere. heft 5, lialfte 2. 92.1.

3393. Gottschalk, M. Placenta duplex. Zeitschr. f. geburth. u. gynak., xxiv, 148-149. 92.1.

3394. GuUand, G. L , ami Hart, D. B. On tlie structure of the human placenta, with special reference to tlie origin of

the decidua reflexa. Lab. rep. coll. physicians Edinb., iv, 17-35, pis. iii-v. 92.1.

3395. Konig, K. P. Ueber uteroplacentargefasse, ilir makroskopisches und mikroskopisches verhalten. Wiirzburg, 32 p.

8vo. (Inaug. diss.) 91.1.

POLAR GLOBULES.

3396. Hacker, V. Die riclituiigskorperl)ildung bei Cyclops und Canthocamptus. Ber. naturf. ges. Freiburg i. B., vi,

30-32. 91.1.

3397. Henking, H. Ueber die bildung von richtungskorpern in den eiern der insekten und deren schicksal. N.achr. ges.

wiss. Gottingen, 444-449. 88.1.

PREGNANCY.

3398. Waldeyer, W. Beitrage zur kenntniss der lage di-r weil)liclieii beckenorgane nebst beschreibung eines frontalen

gefriersclinittes des uterus gravidns in situ. Bonn, 29 p., 5 pis. fol. 92.1.

PRIMATES.

3399. Hart, D. Berry. Tlie anatomy of advanced pregnancy in Macacus rhesus studied by frozen sections, by casts

and microscopically. Journ. anat. phys-, xxvii, 361-370, pi. xxii. 93.1.

,3400. Kollraann, J. Aften-embryonen aus Sumatra und Ceylon. .\nat. anz., vii, 335-340. 92.1.

3401. Beitrage zur embryologie der alien. .A.rch. f. anat. u. phys., anat. abtli., 137-152. taf. viii. 92.2.

PROTOPLASM.

3402. Kroniaycr, E. Die protoplasmafasernng der epithelzelle. Arch. f. mikr. anat., xxxix. 141-15(i, taf. vi'. 92.1.

REPTILES

3403. Giacomini, E. SuUo sviluppo del Seps chalcides. Atti acc.ad. tlsiocrit. Siena, ser. 4, iv, 59-02. 92.2.

3404. Haycraft, .J. B. The development of tlie carapace of the Chelonia. Trans, roy. soc. Edinb., xxxvi, 335-342,

1 pi. 91.1.
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3i05. Mehiiert, E. Gastnilatioii iiml keimblatter-bildniig dor Einys lutaria taurica. Morpli. arb., i, 3G5-49a, taf.

xvii-xxi. 92.1.
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A'o^e.— Advantage has been taken of the opportunity to make a large addition consisting of titles of publications issued since

the manuscript of the main list was prepared, and also of earlier publioatlons which I had previously overlooked or been unable to

verify. I have again to thank Dr. J. S. Billings tor his invaluable co-operation in securing for me numerous verifications. My
thanks are also due to Jlr. .Sanmel Henshaw for generous assistance.

The present bibliography as it now stands contains about .seven times the number of titles to be found in any previous
bibliography of the subject, known to me; nevertheless it is far from complete. I shall be grateful for any additions or corrections.

Under those heads not strictly included within the scope of Vertebrate End)ryology, no attempt at completeness is made, or thought
advisable.

The numbers in heavy type at the end of each title indicate the year of publication and the number for that year and author, thus:

S083. Marotta, . . . 88.1 means the article was published in 1888, and was the first :irticle by lI;u-otta to be catalogued for

that year. The same system is used throughout my "Human Embryology.''
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